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'  ABSTRACT 


Project  5,1  wa>  eatabllshecj-to  mcasuro^verpressure,  tjust,  and  thermal  effects  on  a  B-47E 
aircraft  in  flight.and  to  provide  additional  research  Information  on  the  effects  of  nuclear  explo¬ 
sions  on  the  aircraft.  •  Results  of  this  proiec%  will  be  used  to  correct  the  B-47E  Weapons  De¬ 
livery  Handbook.  Previeus-Msts  were  conducted  on  a  B-47E  in  Operations  Ivy  and  Castle.  Data 
obtained  on  these  ope-rations  were  primarily  measurements  of  thermal  effects.  ^  For  Operation 
Redwing,  a  B-47E  aircraft  was  instrumented  for  measurement  of  overpressures,  irradiance, 
radiant  exposure,  and  of  bending,  shear,  and  torsion  in  the  wing  and  stabilizer.  Further  in¬ 
strumentation  was  made  to  measure  thermal  strain  and  the  effect  of  high  thermal  inputs  upon 
thin  skins  and  supporiing  structures.  Instrumentation  was  also  installed  to  obtain  bending,  shear 
and  torsion  responses  of  the  fuselage  when  subjected  to  combined  side  and  vertical  loading. 

The  general  positioning  criteria  for  the  aircraft  were  wing  bending  up  to  95  percent  of  design 
limit  and/or  a  temperature  rise  of  600  to  +700  F  in  the  thin-skinned  elevator  and  aileron.  In 
order  to  attain  high  temperature  rises  on  participations  in  which  the  aircraft  was  gust  critical, 
it  was  necessary  to  paint  the  thin-skin  surfaces  with  high  absorptivity  paint.  Temperatures  of 
430  to  547  F  received  during  Shots  Zuni  and  Dakota  caused  only  minor  permanent  buckling  in 
the  aileron  and  elevator  and  resulted  in  no  control  problems  or  noticeable  increase  in  drag.  Dur¬ 
ing  Shot  Dakota,  the  aircraft  sustained  89  percent  of  design  limit  wing  bending  and  an  overpres¬ 
sure  of  0.80  psi.  On  other  participations,  wing  loading  ranged  from  46  to  75  percent  of  design 
limit,  and  no  damage  resulted. 

The  data  obtained  by  participation  of  the  B-47E  aircraft  in  Operation  Redwing  are  sufficient 
lor  correction  of  the  existing  B-47E  Weapons  Delivery  Handbook.  The  data  should  also  be  use¬ 
ful  as  basic  research  information  to  aid  in  design  of  future  USAF  aircraft. 
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FOREWORD 


This  report  presents  the  final  results  of  one  of  the  projects  participating  in  the  military-effect 
programs  of  Operation  Redwing.  Overall  information  about  this  and  the  other  military-effect 
projects  can  be  obtained  from  WT-1344,  the  “Summary  Report  of  the  Commander,  Task  Unit  3.” 
This  technical  summary  includes:  (1)  tables  listing  each  detonation  with  its  yield,  type,  environ¬ 
ment,  meteorological  conditions,  etc. ;  (2)  maps  showing  shot  locations;  (3)  discussions  of  re¬ 
sults  by  programs;  (4)  summaries  of  objectives,  procedures,  results,  etc.,  for  all  projects; 
and  (5)  a  listing  of  project  reports  for  the  military -effect  programs. 
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INTRODUCTION 


1.1  OBJECTIVE 

The  primary  objective  ot  this  project  was  to  measure  overpressure,  gust,  and  thermal  effects 
of  a  nuclear  detonation  on  a  B-47E  aircraft  in  flight.  With  the  recorded  data,  criteria  and  meth¬ 
ods  used  in  the  B-47E  Weaptms  Delivery  Handbook  could  be  verified  or  corrected.  In  addition, 
the  project  was  to  provide  basic  research  data  for  design  criteria  of  future  USAF  aircraft. 

1.2  BACKGROUND 

Since  the  original  tests  of  nuclear  devices,  considerable  effort  was  made  to  determine  their 
effect  on  aircraft  systems.  In  the  earlier  tests,  participation  was  limited  because  of  a  lack  of 
knowledge  of  weapon  characteristics  and  the  effects  of  these  characteristics  upon  aircraft  systems. 

During  Operations  Ivy  and  Castle,  a  B-47B  aircraft  was  instrumented  and  positioned  to  obtain 
responses  of  sufficient  magnitudes  to  allow  prediction  of  delivery  capabilities  of  the  aircraft. 

Data  obtained  during  Operation  Ivy  were  used  to  establish  a  more  accurate  theory  relating  skin- 
temperature  rise  and  distribution  in  aircraft  structures  to  physical  inputs  from  the  weapon. 

Under  a  Wright  Air  Development  Center  (WADC)  contract,  the  University  of  California  at  Los 
Angeles  (UCLA)  studied,  designed,  and  built  a  furnace  for  simulation  of  thermal  loads  applica¬ 
tion,  and  the  data  obtained  were  correlated  with  experimental  data  from  Operation  Ivy  (Reference 
1).  This  theory  was  used  on  Operation  Castle  as  a  guide  to  establish  aircraft  positions. 

During  Operation  Castle  the  aircraft  was  positioned  to  receive  radiant  exposures  sufficient  to 
elevate  thin-skinned  aileron  and  elevator  sections  approximately  350  T  Ixjve  ambient  temperature. 
At  this  temperature  thermal  loads  were  expected  to  cause  some  plastu  ..eformation.  The  maxi¬ 
mum  temperature  rise  obtained  was  less  than  200  F  (Reference  2).  No  plastic  deformation  or 
adverse  effects  were  noted  on  any  part  of  the  aircraft;  however,  measurements  of  thermally  in¬ 
duced  loads  deviated  considerably  from  predictions.  A  study  of  these  effects  was  made  (Refer¬ 
ence  3)  which  demonstrated  that  the  observed  differences  were  caused  by  a  thermal  lag  phenom¬ 
enon,  resulting  in  a  temperature  difference  between  the  skin  and  the  strain  gage  element  used  to 
measure  the  thermal  loads.  Although  the  primary  objective  of  measuring  the  effects  of  plastic 
deformation  was  not  achieved,  much  valuable  information  was  obtained  which  led  to  improved 
devices  and  instrumentation  techniques  for  the  measurement  of  thermal  loads  (Reference  4). 

While  participating  in  Operation  Castle,  a  B-36D  etqterienced  an  unexpectedly  large  increase 
in  engine-tailpipe  temperature  immediately  after  shock  arrival  (Reference  5).  Subsequently,  a 
study  of  the  phenomenon  was  initiated  by  the  Power  Plant  Laboratory,  WADC.  As  a  result  of 
this  study,  one  engine  of  the  B-47E  was  instrumented  for  the  measurement  of  engine  performance 
parameters  during  Operation  Redwing. 

In  previous  operations,  radiant  exposure  levels  were  limited  primarily  by  theoretical  struc¬ 
tural  limitations.  Higher  levels  of  radiant  ejqjosure  were  anticipated  from  Operation  Redwing, 
however,  with  the  consequence  that  the  possibility  of  damage  to  secondary  aircraft  components 
had  to  be  reinvestigated.  It  was  found  that  if  the  radome  of  the  bombing-navigational  radar  were 
elevated  to  a  sufficiently  high  temperature,  the  outer  skin  laminate  would  separate  from  the  honey- 
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comb  substructure  (i.  e. ,  filler).  Separation  of  the  outer  laminate  would  lower  the  strength  of  the 
radome,  making  it  more  vulnerable  to  gust  effects.  During  Operation  Castle,  gust  effects  were 
observed  on  the  B-36D  radome,  which  was  buckled  on  Shot  1  at  an  overpressure  of  0.81  psi.  A 
further  decrease  in  radome  strength  resulting  from  thermal  effects  might  limit  the  operational 
capability  of  the  B-47E;  therefore,  this  possibility  was  investigated  during  Operation  Redwing. 


1.3  THEORY 

In  order  to  measure  the  effects  of  a  nuclear  explosion  on  a  B-47E  aircraft,  it  was  necessary 
that  the  following  phenomena  be  considered:  (1)  direct  gamma  radiation;  (2)  rise  of  the  radio¬ 
active  cloud;  (3)  overpressure  of  the  shock  wave;  (4)  material  velocity  (i.  e. ,  gust)  following  the 
shock  wave;  and  (5)  thermal  radiation  from  the  fireball. 

The  USAF  dosage  level  of  25  rem  for  bombing  operations  was  a  limiting  factor  for  low-altitude 
delivery  of  low-yieid  devices.  However,  this  gamma-radiation  level  fell  within  the  danger  en¬ 
velopes  of  other  positioning  criteria  as  the  yield  of  the  device  increased.  For  the  yields  of  Op¬ 
eration  Redwing,  direct  gamma  radiation  was  not  a  limiting  position  criterion. 

Although  the  danger  from  the  rise  of  the  radioactive  cloud  increases  with  higher  yield  devices, 
experience  gained  from  Operations  Ivy  and  Castle  indicates  that  the  cloud  lies  within  the  danger 
envelopes  for  one  of  the  other  limiting  phenomena.  For  a  5-Mt  device,  the  cloud  required  nearly 
a  minute  to  rise  to  test  altitude;  therefore,  it  could  be  avoided  with  high-speed  aircraft. 

Analysis  and  laboratory  investigations  have  established  the  criterion  for  safe  operation  with¬ 
out  overpressure  damage;  namely,  the  point  above  which  damage  to  bomb-bay  doors,  radome, 
or  engines  will  occur  (Reference  6).  The  limit  was  established  as  1.0  psi  peak  overpressure 
for  the  B-47E.  Normaliy,  this  region  falls  within  the  danger  envelopes  of  the  thermal  radiation 
and  gust  loading  of  the  critical  structure. 

The  factor  most  significantly  affecting  the  limit  to  operational  capabilities  of  the  B-47E  air¬ 
craft,  for  the  yield  ranges  studied  during  Operation  Redwing,  was  the  gust  loading  effect  on  the 
primary  structure.  Under  nearly  all  conditions,  the  limit  overpressure  envelope  of  1.0  psi  lies 
within  the  danger  region  envelope  for  limit  allowable  gust.  For  detonations  having  a  yield  less 
than  approximately  5  Mt,  effects  of  radiant  ejqsosure  on  an  all-white  aircraft  with  absorptivity, 
a,  of  approximately  0.22  can  also  be  neglected. 

The  dynamic  analyses  of  wing  and  horizontal  stabilizer  reactions  to  gust  loading  given  in  Ref¬ 
erence  6  were  used  to  evaluate  danger-region  diagrams  for  Operation  Redwing  participation  of 
the  B-47E  aircraft.  The  analyses  were  used  to  evaluate  the  dynamic  magnification  factor  (ampli¬ 
fication  in  load  over  that  expected  under  static  conditions  with  identical  type  of  load  distribution) 
and  most  critical  stations  of  the  wing  and  stabilizer.  By  use  of  the  theoretical  values  of  this  fac¬ 
tor  for  the  wing  and  stabilizer,  the  most  critical  section  of  the  aircraft  was  found  to  be  Wing  Sta¬ 
tion  465.0.  However,  since  Station  465.0  was  inaccessible  for  instrumentation.  Wing  Station 
493.0  was  instrumented,  and  hereinafter  in  this  report.  Station  493.0  is  referred  to  as  the  critical 
wing  station.  At  Station  493.0  the  1.0  g  flight  load  was  1.86  x  lO®  in-lb.  An  incremental  bending 
moment  of  4.14  x  10®  in-lb  could  be  sustained  without  exceeding  the  allowable  design  limit,  i.  e. , 
100  percent  of  limit  load  which  is,  effectively,  the  same  incremental  increase  which  could  be 
sustain''d  at  Wing  Station  465. 

The  analysis  conducted  by  UCLA  to  determine  the  most  vulnerable  art  of  the  B-47B  aircraft 
to  damage  resulting  from  radiant  ejqaosure  during  Operation  Castle  was  continued  and  extended 
by  Allied  Research  Associates  (Reference  7)  to  include  analysis  of  the  B-47E  aircraft  for  partic¬ 
ipation  during  Operation  Redwing.  The  investigations  established  that  the  most  vulnerable  areas 
on  the  aircraft  were  the  0.020-inch  aluminum  skin  on  the  aileron;  the  0.025-inch  aluminum  skin 
on  the  elevators;  and,  to  a  somewhat  lesser  extent,  the  0.032- inch  skin  on  the  flaps.  Since  the 
aileron  sections  did  not  lend  themselves  easily  to  instrumentation,  it  was  decided  that  the  0.025- 
inch  elevator  section  would  be  the  primary  test  section  used  in  Operation  Redwing  and  that  cor- 
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relating  temperature  measurements  would  be  made  on  the  aileron  and  other  selected  sections. 

To  ensure  that  the  thin-skinned  sections  reached  temperatures  sufficient  to  cause  plastic  de¬ 
formation,  the  absorptivity  (a)  of  the  test  areas  (elevator,  aileron,  and  flap)  was  increased 
through  the  use  of  paints  varying  in  color  to  black  (a  =  0.96).  High  absorptivity  paints  were  used 
on  the  lower-yield  shots  (under  1.0  Mt)  in  order  to  bring  the  danger  region  envelopes  for  gust 
and  thermal  radiation  into  closer  coincidence.  In  this  manner,  it  was  possible  to  position  the 
aircraft  to  receive  near-limit  values  of  both  these  variables.  On  higher-yield  shots,  a  had  to 
be  progressively  decreased  in  order  to  maintain  a  coincidence  of  danger  envelopes. 

From  the  investigations  described  in  Reference  7,  it  was  determined  that  some  permanent 
buckle  of  the  elevator  skin  would  begin  at  approximately  380  F  above  ambient  and  that  failure 
because  of  1.0  g  flight  loads  on  a  heated  section  would  probably  not  occur  below  temperatures 
of  900  F.  An  analysis  was  made  to  determine  the  flight  capabilities  of  the  B-47E  aircraft  if  such 
a  section  were  damaged  in  flight.  It  was  concluded  that  the  aircraft  would  be  in  no  danger  from 
either  flutter  or  control  effects  because  of  buckling,  should  the  lower  skin  of  the  elevator  section 
rise  650  F.  The  conclusion  was  that,  should  the  lower  skin  of  both  elevators  be  severely  buckled, 
the  aircraft  would  remain  stable  and  maneuverable  and  that  radiant  e]q>osure  of  the  instrumented 
section  would  not  be  a  limiting  factor.  However,  difficulty  could  be  encountered  in  an  attempt 
to  land  an  aircraft  in  this  condition.  To  land  with  only  one  damaged  elevator  would  entail  less 
risk.  Consequently,  only  one  elevator  at  a  time  was  completely  painted  with  high- absorptivity 
paint,  while  small  patches  (three  to  five  rib  sections)  were  similarly  coated  on  the  other  eleva¬ 
tor,  aileron,  and  flaps.  In  this  way,  if  severe  thermal  damage  were  encountered,  all  control 
surfaces  with  the  exception  of  one  elevator  would  be  essentially  intact. 

An  additional  thermal  consideration  resulted  from  the  use  of  MIL-E-7729  white  paint  on  the 
underside  of  the  aircraft.  Experiments  conducted  by  the  Materials  Laboratory,  WADC,  estab¬ 
lished  that  this  paint  would  begin  to  char  at  a  temperature  of  425  F,  with  a  consequent  Increase 
in  absorptivity.  Tests  were  conducted  at  the  Eniwetok  Proving  Ground  to  determine  the  rela¬ 
tionship  between  peak  temperature  and  change  in  absorptivity,  so  that  this  factor  could  be  taken 
into  account  to  predict  peak  temperature  rise  during  evaluation  of  aircraft  position  for  shot  par¬ 
ticipation.  The  tests  were  made  by  use  of  the  Cook  Research  Laboratories  thermal  source, 
which  produced  a  radiant  ejqjosure  of  approximately  1.5  cal/cm*.  A  reflectometer  (Taylor  In¬ 
tegrating  Sphere)  was  used  to  make  measurements  of  absorptivity  (averaged  over  a  wave-length 
band  of  600  to  800  mp).  The  rate  of  temperature  rise  and  decay  was  approximately  15  F/sec. 
Results  of  these  tests  were  used  as  positioning  criteria  during  the  latter  part  of  the  operation. 

Gust  effects  on  the  turbojet  engines*  of  the  B-47E  aircraft  were  e;q>ected  to  result  in  changes 
in  engine  performance  which  would  create  an  increase  in  tailpipe  temperature  and  possibly  a 
flameout.  Engine  tests  were  conducted  during  this  operation  to  establish  a  relationship  between 
gust  inputs  and  engine  effects.  It  was  expected  that  the  principal  effects  would  be  either  unchok¬ 
ing  of  the  exhaust  nozzle  or  flow  distortion  at  the  compressor  inlet,  causing  undeslred  changes 
in  the  engine’s  operation  (e.  g. ,  excessive  Increase  in  tail-pipe  temperature). 

On  those  shots  where  near-limit  values  of  both  radiant  exposure  and  air  blast  were  expected, 
the  radome  of  the  bombing-navigational  radar  had  to  be  considered  a  possible  limiting  factor  to 
operations.  The  radome  was  painted  white  according  to  standard  aircraft  configuration,  except 
for  an  area  6  inches  in  diameter  which  was  left  unpainted.  In  this  manner  it  was  possible  to 
study  the  absorption,  transmission  of  radiant  exposure,  and  heat  transfer  characteristics  of  the 
laminate  in  a  small  area. 


'General  Electric  Type  J47-25,  Serial  No.  063-880,  instrumented. 
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Chapter  2 

INSTRUMENTATION 


The  B-47E  was  instrumented  for  the  in-flight  measurement  of  thermal,  overpressure,  and  gust 
inputs  and  effects  resulting  from  operation  in  the  vicinity  of  high-yield  detonations. 

Thermal  inputs  measured  were  radiant  exposure  (broad  and  spectral  bands)  and  irradiance. 
Measurements  were  made  normal  to  a  line  from  the  detonation  to  the  aircraft,  normal  to  the 
horizontal  plane  of  flight,  for  radiant  exposure  transmitted  through  the  radome,  and  for  scat¬ 
tered  radiant  exposure  coming  in  from  above  the  aircraft.  Blast  inputs  measured  were  over¬ 
pressure  and  shock  propagation  time. 

Thermal  effects,  such  as  temperature  rise  and  distribution  and  resultant  strains  in  thin- 
skinned  sections  and  supporting  structures,  were  measured.  Temperature  rise  of  the  radome 
and  covered  and  uncovered  thermocouples  (convection  calorimeter)  installed  on  the  lower  sur¬ 
faces  of  the  stabilizer  and  aileron  were  also  measured.  An  integral  unit  consisting  of  one  cov¬ 
ered  and  one  uncovered  thermocouple  constituted  a  convection  calorimeter.  Gust  loads  effects 
such  as  shear,  bending  moment,  and  torsion  resulting  from  gust  loads  were  measured  on  the 
wing,  empennage,  and  fuselage.  The  effects  on  engine  performance  were  monitored  on  the  No. 

6  engine.  Additional  miscellaneous  backup  data  were  obtained  from  rate  gyro,  free  gyro,  and 
angle-of -attack  indicators  for  use  in  evaluation  of  aircraft  attitude  changes  and  self-induced  re¬ 
action  loads. 

Aircraft  space-position  Information  was  obtained  in  flight  from  the  K-4  radar  bombing  and 
navigational  system  and  monitored  by  use  of  photopanel  records.  Primary  flight  position  meas¬ 
urements  were  made  by  use  of  a  Raydist  navigational  system.  Mapping-camera  photos,  radar- 
scope  photos,  and  photos  from  cameras  aimed  at  ground  zero  were  used  as  a  supplementary 
source  of  position  data. 

Data  were  recorded  on  osciilograph  paper,  magnetic  tape,  and  film.  A  central  recording  as¬ 
sembly  located  in  the  aircraft  bomb  bay  provided  a  facility  for  the  recording  of  300  data  channels, 
plus  automation  for  single  channel  readout  during  maintenance  and  calibration  and  semiautomatic 
in-flight  operation  and  sequencing.  In  addition,  seven  magnetic  tape-recorder  channels  and  20 
data  cameras  were  operated  on  all  test  flights. 


2.1  TRANSDUCERS 

A  comprehensive  list  of  transducers  and  the  recording  capacity  is  given  in  Appendix  A.  The 
locations  on  the  aircraft  of  the  major  areas  of  instrumentation  are  shown  in  Figure  2.1.  Details 
of  installation  and  location  of  instrumentation  elements  are  specified  completely  in  Reference  8. 

During  the  period  between  Shots  Zuni  and  Flathead,  information  was  received  from  the  Air¬ 
craft  Laboratory,  WADC,  that,  under  certain  dynamic  loading  conditions.  Wing  Station  615.0 
could  become  critical.  As  a  consequence,  eight  strain-gage  bridge  channels  were  Installed  to 
obtain  bending,  shear,  and  torsion.  Later  in  the  program,  it  was  decided  to  increase  the  scope 
of  the  project  to  include  the  evaluation  of  side-load  effects  on  the  fuselage.  To  measure  side¬ 
load  effects,  two  fuselage  stations,  800.0  and  1044.0,  were  instrumented  with  14  and  17  strain 
gage  bridges,  respectively. 

Other  additions  consisted  of;  (1)  a  convection  calorimeter  in  the  aileron  at  Wing  Trailing  Edge 
Station  476.0;  (2)  a  right-elevator  ripple  camera  aimed  at  the  instrumented  elevator  section;  (3) 
an  angular  accelerometer  at  Fuselage  Station  560.0;  and  (4)  eight  channels  to  record  pressure 
and  temperature  information  on  Engine  No.  6. 
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PHOTO  PANEL 
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(Menant  A  Shoor  Stroin  Gofo  Aridgot) 

(ProOMTO  Trontducttt) 


Figure  2.1  Major  areas  of  instrumentation. 
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2.1.1  Calorimeters  and  Radiometers.  The  calorimeters  and  radiometers  used  for  the  meas¬ 
urement  of  radiant  exposure  and  irradiance  were  supplied  by  the  U.  S.  Naval  Radiological  Defense 
Laboratories  (NRDL).  Disk-type  calorimeters  and  foil-type  radiometers  were  used  for  all  direct 
measurements,  while  some  10  and  20  button  foil-type  calorimeters  were  used  for  scattered  ra¬ 
diant  exposure  measurements.  The  instrument  types  and  filters  used  to  obtain  measurements 

in  broad  or  spectral  bands  are  specified  in  Table  2.1,  The  sensitivity  of  each  instrument  and 
associated  recording  channel  was  determined  prior  to  each  shot.  Thus,  many  different  instru¬ 
ment  types  and  filter  combinations  were  utilized  during  the  course  of  the  operation. 

2.1.2  Thermocouples.  The  majority  of  the  thermocouples  used  were  of  the  copper- constantan 
(c-c)  type.  Each  junction  consisted  of  two  copper  and  two  constantan  wires  (10  or  15  mil)  per¬ 
cussion  welded  to  the  metal  surface  in  close  proximity  to  each  other.  Each  pair  of  wires  was 

T.ABLK  2.1  C.ALOHI.MKTKR  .AND  HADIOMK'rtK  TYPES 


Instrumenl.s 

Filters 

Type 

Range 

Type 

Field  of  View 

deg 

Radiometer,  RE-10 

10  (cal  cm^j/sec 

Quartz 

21 

Radiometer,  RE-.50 

50  (cal  cm^)/sec 

Quartz 

45 

Calorimeter,  Red 

10  to  20  t  cal/cm^ 

Quartz 

90 

Calorimeter,  Black 

5  to  20  cal/cm^ 

Quartz 

160 

Calorimeter,  White 

2.5  to  10  cal/cm^ 

3-69* 

90 

Calorimeter,  Brass 

1.5  to  3  cal/cm^ 

2-73* 

90 

2-58* 

90 

KG-8  + 

90 

RG-S7 

160 

7-56* 

90 

Ge  +  7-56 1 

90 

■  Corning  Glass  Works  color  specification. 

1  Schott-Jena  Glass  Works,  West  Germany,  code  sjxicification. 
t  Ge  -  Germanium. 


connected  in  parailei  to  reduce  the  possibility  of  data  loss  due  to  failure  of  the  small  gage  wires. 
In  several  instances  where  a  nonmctallic  material  was  instrumented  for  temperature  distribu¬ 
tion,  c-c  junctions  were  made  by  butt  welding  10-mll  wire.  Where  temperatures  of  over  700  F 
were  anticipated,  welded  chromel-alumel  (c-a)  thermocouples  were  installed.  All  thermo¬ 
couples  were  referenced  to  an  ice  bath  at  32  F. 

2.1.3  Strain  Gages,  Gust  Loads.  All  strain  gages  used  throughout  the  aircraft  for  gust  load 
measurements,  with  the  exception  of  the  gages  used  on  the  outer  skin  surface  of  the  two  stabi¬ 
lizers,  were  Baldwin  SR-4  Type  EBDF-13D  (minus).  They  were  temperature  compensated  for 
use  on  24ST  aluminum  from  -50  F  to  +300  F.  The  gages  used  on  the  stabilizer  skin  were  Bald¬ 
win  SR-4,  Type  EBDF-13Q  strain  gages. 

2.1.4  Strain  Gages,  Thermal  Stress.  The  quartz  compensated  (Q  gage)  strain  gage,  desig¬ 
nated  EBDF-13Q,  was  developed  by  the  Cook  Research  Laboratories  and  manufactured  by  the 
Baldwin-Lima-Kamilton  Corporation.  The  Q  gage  was  used  for  the  measurement  of  all  thermal 
strain.  This  instrument  is,  ideally,  a  temperature-insensitive  gage  which  gives  an  output  pro¬ 
portional  to  elongation  strain,  where  correspondingly  the  EBDF-13D  gage  gives  an  output  propor¬ 
tional  to  direct,  stress- inducing  strain.  (Both  relations  apply  only  to  conditions  of  thermal  equi¬ 
librium.  ) 
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The  advantage  of  the  Q  gage  in  the  measurement  of  thermal  strains  was  that  the  compensation 
error  caused  by  thermal  lag  (difference  in  temperature  between  panel  and  strain  sensitive  fila¬ 
ment)  was  small.  Therefore,  any  uncertainty  in  the  evaluation  of  this  temperature  difference 
results  in  only  a  small  error.  The  corrections  which  must  be  applied  when  using  D  gages,  how¬ 
ever,  result  In  strain  compensation  approximately  proportional  to  this  temperature  difference. 

2.1.5  Pressure  Transducers.  The  five  overpressure  measurements  on  the  fuselage  were 
made  with  Statham  Type  P-131-2.5D-3S0  pressure  transducers.  These  instruments  sensed  dif¬ 
ferential  pressure  within  a  range  of  1 2.5  psi.  The  static  side  of  each  overpressure  transducer 
was  vented  to  ambient  pressure  through  a  solenoid  valve  which  was  closed  immediately  prior 
to  taking  measurements.  Thus,  the  static  side  of  each  transducer  was  always  referenced  to 
ambient  pressure.  Orifice  openings  for  these  gages  were  identical  to  those  used  on  the  aircraft 
static  system  and  had  a  pneumatic  response  in  excess  of  200  cps.  The  Statham  P-69-1D-350 
gage  that  formed  the  sensing  element  of  the  stabilizer  angle-of-attack  indicator  was  also  of  the 
differential  type,  with  a  range  of  1  psi.  Aircraft  ram  and  static  pressure  systems  were  moni¬ 
tored  by  Statham  P-68  absolute  pressure  gages  having  ranges  of  0  to  30  psi  and  0  to  10  psi, 
respectively. 

In  the  instrumentation  of  the  engine,  six  pressure  transducers  were  used.  Four  were  differ¬ 
ential  gages  aitd  two  were  absolute  gages.  Instruments  used  to  record  compressor- inlet  pres¬ 
sure  differential  were  Statham  P-69  transducers,  two  with  a  range  of  0  to  3  psi  and  one  with  a 
range  of  0  to  1  psi.  The  P-96-20D-350  differential  transducer  installed  to  measure  compressor 
discharge  pressure  was  similar  to  the  P-69  gages  mentioned  above.  Tail-pipe  pressure  was  re¬ 
corded  by  means  of  a  Statham  P-68-30A-350  gage  identical  to  that  used  to  monitor  the  ram  pres¬ 
sure  system.  A  Statham  P-122-500A-500  absolute  gage  was  installed  to  measure  the  pressure 
in  the  small  slot  fuel  system. 

All  pressure  gages  used  unbonded  strain- gage  wire  as  the  transducing  element,  electrically 
connected  as  a  Wheatstone  bridge.  The  operating  temperature  range  specified  by  the  manufac¬ 
turer  (-60  to  ■t-200  F)  was  adequate  to  accommodate  all  instrument  requirements  on  the  aircraft. 
Gages  differed  in  frequencies  of  natural  resonance  and  sensitivity  and  in  methods  of  installation 
required  for  each  type  of  measurement. 

2.1.6  Accelerometers.  Three  linear  accelerometers,  Giannini  Type  24118,  and  one  angular 
accelerometer,  Statham  Type  AA17B,  were  installed  in  the  aircraft.  The  functions,  model  num¬ 
bers  and  specifications  for  the  units  were: 


Function  Model  Range 

Vertical  acceleration  Giannini  Type  24118-5-200  ^5  g 

Longitudinal  acceleration  Giannini  Type  24118-1-200  -l.Og 

Lateral  acceleration  Giannini  Type  24118-2 '/2-200  *2.5  g 

Angular  acceleration  Statham  Type  AA 17 B- 3-300  iSrad/sec^ 


The  Giannini  units  were  of  the  spring-supported- mass  type  incorporating  magnetic  damping 
and  potentiometer  output.  The  two  arms  of  the  potentiometer  were  matched  with  external  re¬ 
sistances  to  complete  the  bridge  circuit.  Sensing  circuit  of  the  Statham  angular  accelerometer 
consisted  of  an  unbonded  strain-gage  bridge  coupled  to  a  spring- supported  mass.  All  units  were 
designed  to  function  within  the  temperature  range  of  -60  to  -t- 150  F. 

2.1.7  Rate  Gyro.  A  rate  gyro.  Model  RG-01-0200-1,  manufactured  by  the  Pacific  Scientific 
Company,  was  installed  in  the  aircraft.  This  unit  was  an  air-damped,  electrically  operated  gyro 
with  a  maximum  input  range  of  ±  10  deg/sec.  The  instrument  was  designed  to  operate  within  the 
temperature  range  of  -  50  to  + 170  F. 

2.1.8  Recorders.  The  bulk  of  the  transducer  outputs  were  wired  into  a  central  recording  as- 
sembly  (CRA)  located  in  the  bomb  bay.  The  assembly  housed  the  recording  oscillographs,  timers, 
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bridgL-  voltage  supply,  tape  recorder,  and  the  ice  bath  reference  junction  for  all  thermocouples. 

In  addition,  panel  boards  were  provided  in  the  CRA  for  the  routing  of  signals  to  the  appropriate 
recorder.  Attenuating  and  damping  resistors,  balancing  circuits,  and  automatic  controls  for 
individual  and  sequential  channel  selection  (for  test  purposes)  were  also  provided  on  these  panel 
boards. 

Six  50-channel,  Consolidated  Electrodynamics  Corporation  Type  5-119P3-52  recording  os- 
cillograplis  were  located  in  the  CRA.  These  recorded  information  as  sensed  by  the  transducers 
shown  in  Appendix  A. 

A  seven-channel  Ampex  magnetic  tape  transport,  with  appropriate  power  supplies  and  ampli¬ 
fiers,  was  installed  behind  the  copilot  in  the  pressurized  area  of  the  cockpit.  Data  signals  from 
the  four  calorimeters  in  the  navigator’s  window  and  the  two  calorimeters  in  the  optigraph  canopy 
were  amplified  and  recorded,  together  with  a  timing  reference,  on  this  instrument. 

A  voice  recorder  was  installed  in  the  CRA  and  connected  to  a  point  common  to  all  channels  of 
the  aircralt’s  intercommunication  system.  This  instrument  was  used  to  determine  the  reaction 
of  the  crow  to  noted  phenomena  and  to  record  commentary  on  unusual  events. 

2  1.9  Photographic  Equipment.  Several  types  of  photographic  equipment  were  used  in  the 
aircraft.  One  of  the  most  used  was  the  16-mm  Bell  and  Howell  N-9  gun-sight-aiming-polnt 
(GSAP)  camera.  This  camera  proved  valuable  because  of  its  wide  range  of  shutter  and  frame 
speeds  Two  35-mm  Beattie  Portronic  Jr.  Cameras  were  modified  by  Cook  Research  Labora¬ 
tories  for  continuous  film  transport  for  use  in  an  optigraph  system  developed  by  the  National  Ad¬ 
visory  Committee  for  Aeronautics  (NACA).  Other  cameras  employed  were  the  standard  AF  16- 
mm  B-IA,  35-mm  A-4  and  K-17C. 

2.1  10  Time-Zero  Reference.  Selenium  self-generating  photoelectric  cells,  mounted  in  the 
aft  ground-zero  mount,  were  employed  to  establish  a  time-zero  reference.  The  outputs  of  these 
cells  were  connected  to  each  oscillograph  for  time  correlation.  Another  cell  of  the  same  type 
was  used  to  produce  a  time-zero  indication  for  the  frame -correlation  camera.  In  this  manner, 
time  correlation  between  events  was  established. 

2.1.11  Timing  Oscillator.  A  400-cps  standard  oscillator  (American  Time  Products)  modified 
to  provide  a  100-cps  signal  was  installed  in  the  CRA.  This  signal  was  fed  to  separate  channels 
on  each  oscillograph  to  provide  means  for  accurate  measurement  of  time  intervals. 

.  1.12  Bridge  Baltt  ry  A  Soi  otone  Corporation  nickel-cadmium  battery  of  high  capacity  was 
installed  in  the  CRA  To  provide  a  stable  voltage  source  for  the  transducers.  A  signal  proportional 
to  the  magnitude  of  this  source  was  recorded  on  each  oscillograph  to  monitor  the  source  level 
throughout  a  test  run. 

2.2  APPLICATION 

2.2.1  Thermal  Inputs.  I’wo  r.adionieters  and  16  calorimeters  were  installed  in  an  adjustable 
(ground-zero)  mount  located  on  the  tail  turret  at  Fuselage  Station  1330.0  (Figure  2.2).  This  mount 
was  adjusted  for  each  shot  so  that  the  instrument  faces  were  normal  to  a  line  from  the  detonation 
to  the  aircraft.  The  fields  of  view  of  these  instruments  were  recorded  on  six  N-9  cameras  lo¬ 
cated  in  the  mount.  Many  of  these  calorimeters  were  equipped  with  filters  to  measure  the  spec¬ 
tral  distribution  of  the  radiant  exposure. 

A  fixed  mount  on  the  underside  of  the  fuselage  at  Station  1237.3  supported  three  calorimeters 
directed  downward  along  an  axis  normal  to  the  longitudinal  .and  lateral  axes  of  the  aircraft  (Fig¬ 
ure  2.2).  Two  N-9  cameras  recorded  the  fields  of  view  of  these  calorimeters.  A  fourth  vertical 
calorimeter  was  installed  in  the  left  stabilizer  at  Station  156.0.  The  face  of  this  instrument  was 
parallel  to  the  elevator  panel  surface.  With  the  elevator  in  neutral  position,  a  measure  of  radiant 
exposure  normal  to  the  panel  surface  was  obtained. 
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Figure  2.2  Close-up  view  ol  ground-zero  and  vertical  mounts. 
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Four  calorimeters  and  a  camera  were  installed  in  a  forward  scatter  mount  at  Fuselage  Station 
118.0,  These  instruments  plus  two  calorimeters  in  the  optigraph  canopy  (Figure  2.3)  were  used 
to  measure  radiant  exposure  (scatter)  on  the  upper  surface  of  the  aircraft.  One  calorimeter 
oriented  to  measure  back  scatter  was  mounted  in  the  ground  zero  mount  with  its  sighting  axis 
orthogonal  to  the  line  of  sight  to  ground  zero  and  in  the  vertical  plane  containing  this  line. 

Radiant  energy  passing  through  the  radome  honeycomb  material  was  measured  by  two  calo¬ 
rimeters  located  just  inside  the  radome  surface.  The  paint  was  removed  from  the  surface  of 
the  material  in  front  of  the  right  calorimeter  to  determine  the  effect  of  paint  on  transmission. 

2.2.2  Temperature  Rise.  The  right  and  left  elevator  sections  at  Station  148.0  were  instru- 
mented  to  measure  the  thermal  effects  on  0.025- inch  aluminum  skin  and  the  structure  supporting 
the  skin.  Fifteen  thermocouples  were  installed  on  the  left  and  12  on  the  right  elevator  sections. 
The  thermocouples  were  arranged  on  the  panel  and  support  members  to  measure  temperature 
distribution. 

The  right  stabilizer  was  equipped  with  a  total  of  six  thermoLOuples,  At  Station  192.0,  five 
points  were  instrumented  to  determine  the  temperature  distribution  in  the  stabilizer’s  0.040-inch 
skin.  Three  of  these  thermocouples  sensed  the  isolated  skin  temperatures,  while  the  other  two 
were  positioned  to  determine  temperature  near  supporting  structure.  The  remaining  thermo¬ 
couple  was  placed  at  Station  168.0  to  sample  the  temperature  of  the  0.064-inch  skin. 

Left  stabilizer  Station  192.0  was  instrumented  with  three  pairs  of  calorimeters  to  determine 
the  effects  of  convection  cooling.  The  convection  calorimeters  were  placed  (isolated  from  the 
aircraft  skin)  in  a  chord-wise  configuration  in  the  lower  stabilizer  skin  (Figure  2.4),  Each  pair 
consisted  of  two  aluminum  disks  equipped  with  the.  nocouples.  One  disk  of  the  pair  was  placed 
flush  with  the  aircraft  skin  and  the  other  was  shielded  from  the  airstream  by  means  of  a  glass 
cover  having  0.92  transmission  from  0.3  to  2.4  microns. 

The  right  aileron  was  equipped  with  thermocouples  installed  in  the  0.020-inch  lower  skin  at 
two  locations  (Wing  Stations  476.0  and  767.0)  to  measure  temperature  rise  and  distribution  in 
the  panels.  Three  thermocouples  each  were  installed  at  Fuselage  Stations  488.0  and  599.0  in 
the  right  bomb-bay  door.  These  were  used  to  establish  the  relationship  between  the  effects  of 
radiant  exposure  on  0.040-inch  magnesium  (Station  599.0)  and  0.032- inch  aluminum  (Station 
488.0).  The  radome  was  instrumented  with  two  groups  of  three  thermocouples  to  measure  the 
thermal  conductivity  of  the  laminate  material. 

A  reference  panel  designed  for  mounting  in  the  ground-zero  mount  was  instrumented  with  five 
thermocouples.  By  changing  the  absorptivity  (a)  of  its  surface  (various  paints),  the  temperature 
rise  in  the  panel  could  be  varied  for  a  given  thermal  exposure  to  correspond  with  the  temperature 
rise  in  the  instrumented  elevator  sections. 

Figure  2.5  shows  the  locations  of  all  thermocouple  installations  on  the  aircraft. 

2.2.3  Strain.  The  strains  induced  into  the  left  and  right  elevator  structural  components  at 
Station  148.0  by  means  of  thermal  loads  were  measured  with  64  strain  gage  bridges.  Because 
of  the  possibility  of  damage  to  the  original  elevators,  a  spare  set  of  elevators  was  instrumented 
identically  to  the  elevators  installed  on  the  aircraft. 

On  the  0.025-inch  aluminum  skin  of  each  elevator,  three  equiangular  strain-gage  rosettes  were 
placed  on  the  inner  skin  of  the  lower  surface  and  three  were  placed  directly  below  these  on  the 
outer  skin  surface  (back  to  back).  Each  gage  of  the  rosettes  functioned  as  the  single  active  arm 
of  a  Wheatstone  bridge.  A  junction  box  installed  in  the  aft  fuselage  at  Station  1235,0  contained 
the  inactive  arms  of  these  bridges,  which  were  mounted  free  of  strain.  The  left  elevator  had 
one  rosette  mounted  on  the  inside  surface  of  the  upper  skin.  In  addition  to  the  rosettes  placed 
on  the  skin  of  the  elevator,  the  left  elevator  was  instrumented  with  a  rosette  on  the  web  of  each 
of  the  adjacent  supporting  members,  i.  e. ,  the  front  spar,  inboard  rib,  and  outboard  rib.  On 
the  right  elevator,  rosettes  were  mounted  on  the  web  surface  of  the  front  spar  and  inboard  rib 
only.  Six  strain  measurements  were  made  on  the  left  elevator  by  the  use  of  two  active  arms 
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Ftgure  2.3  Close-up  view  of  optigraph  and  forward  scatter  mounts. 
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Fig\ire  2.4  Si'iisor  I'X'atioiis  in  the  fmpcnnuKr  arc‘u;  (1)  aiinlc-of-attack 
indicator,  (2)  Ihcrnial  pane  l,  (3)  horizonlal  stabiliz- r  dfHoction  camera 
and  lipht,  (4)  elevator  ripple  camera,  (5)  pround-zero  mount,  (6)  angle- 
ol-attack  tr;uisducer,  (7)  calorimeter,  (8)  convection  calorimeter,  (9) 
strain-pape  bridpes,  (10)  overpressure  pape,  (11!  vertical  mount. 

reference  panel  was  used  to  obtain  data  lor  the  study  of  strain-pape  error  caused  by  the  non- 
uniform  temperature  distribution  across  a  strain-pape  rosette  mountinp. 

The  buckle  deflection  ol  the  elevator’s  lower  skin,  induced  by  thermal  loads,  was  measured 
by  two  deflection  indicators.  The  deflection  indicators  consisted  of  two  spring-loaded  linear  po¬ 
tentiometers  directly  actuated  by  the  buckling  movement  of  the  skin.  These  potentiometers  made 
contact  with  the  smallest  possible  area  of  the  skin  surface  in  order  to  minimize  heat  transfer 
from  the  panel.  Tc.’o  N-9  cameras  were  installed  at  Fuselage  Station  1248.0  to  photograph  the 
instrumented  panel  deflection  on  each  elevator. 

Strain-gage  bridges  were  installed  at  the  root  and  mid-span  of  the  left  wing,  at  the  three- 
quarter  span  of  the  right  wing,  at  two  fuselage  stati<ins,  and  at  the  roots  of  the  horizontal  stabi¬ 
lizer  for  the  purpose  of  measuring  bending  moment,  sliear,  and  torsion.  Thirteen  bridges  each 
were  installed  at  Left  Wing  Station  144.0  and  493.0  on  the  front  and  rear  spars  and  upper  skin. 
Eight  bridges  were  installed  at  Right  Wing  Station  615.0  on  the  front  and  rear  spars.  Fourteen 
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Figure  2.5  General  location  of  thermocouple  installations  on  the  aircraft. 
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and  17  bridges  were  installed  at  Fuselage  Stations  800.0  and  1044.0,  respectively,  on  the  longe¬ 
rons  and  skin.  Nineteen  bridges  were  installed  at  Left  Stabilizer  Station  22.0,  and  15  bridges 
were  installed  at  the  same  station  on  the  right  stabilizer.  The  stabilizer  bridges  were  located 
on  the  main  spar,  leading  edge,  and  upper  skin.  A  complete  description  of  the  gust-load  instru¬ 
mentation  is  given  in  Reference  8. 

2.2.4  Overpressure  Measurements.  Overpressure  measurements  used  in  the  determination 
of  the  magnitudes  of  gust  inputs  were  made  at  five  locations  on  the  fuselage  of  the  aircraft.  One 
of  these  was  in  the  lower  fuselage  (forward  wheel  well)  at  Station  292.0.  The  remaining  four 
were  located  at  Fuselage  Station  1227.0  in  a  ring  about  the  fuselage.  Transducers  comprising 
the  rear  ring  were  positioned  as  follows;  one  at  the  base  of  the  vertical  fin  at  1  o’clock;  a  sec¬ 
ond  on  the  right  side  of  the  fuselage  at  3  o’clock;  a  third  on  the  lower  surface  of  the  fuselage  at 

6  o’clock;  and  a  fourth  on  the  left  side  at  9  o’clock. 

Transducers  installed  on  the  lower  surface  of  the  fuselage  were  positioned  to  permit  evalua¬ 
tion  of  shock-front  incidence  angle.  The  remaining  three  transducers  were  installed  primarily 
for  the  measurement  of  overpressure  magnitude.  Additional  pressure  transducers  were  in¬ 
stalled  on  the  aircraft  ram  and  static  systems  to  permit  monitoring  of  the  gust  effects  upon 
these  installations. 

2.2.5  Engine  Effects.  A  total  of  eight  channels  of  pressure  and  temperature  information  were 
recorded  on  Engine  No.  6  to  evaluate  changes  in  the  operational  characteristics  of  the  GE-J47-25 
engine  due  to  gust  effects.  These  measurements  consisted  of  compressor  inlet  pressure  (CIP), 
compressor  discharge  pressure  (CDP)  and  temperature  (CDT),  small  slot  fuel  pressure  (SSFP), 
tail-pipe  pressure  (TPP),  and  exhaust  gas  temperature  (EGT)  as  shown  in  Figure  2.6. 

Three  ram-pressure  measurements  were  made  at  the  inlet  (CIP)  by  means  of  differential 
pressure  transducers  referenced  to  ram  pressure  prior  to  shock  arrival.  The  pressure  probes 
were  located  peripherally  at  the  inlet  (partially  shown  in  Figure  2.6).  A  pressure  probe  and  a 
thermocouple  probe  were  Installed  in  Fuel  Nozzle  Assembly  Nos.  2,  4,  and  7  for  the  measure¬ 
ment  of  CDP  and  CDT.  The  thermocouples  were  operated  in  parallel  to  obtain  the  average  meas¬ 
urement  of  CDT.  Pressure  probes  were  manifolded  to  a  differential  pressure  transducer  to 
obtain  one  average  measurement  of  CDP.  Four  probe-type  thermocouples  (CDT)  were  projected 
into  the  tail  pipe  at  equiangular  locations.  These  were  connected  in  parallel  in  order  to  obtain 
the  average  tail-pipe  temperature.  SSFP  and  TPP  measurements  were  made  by  means  of  ab¬ 
solute  pressure  transducers.  Percent  of  rated  engine  speed  was  photographically  recorded 
from  a  tachometer  indicator. 

2.2.6  Acceleration.  Acceleration  of  the  aircraft  fuselage  produced  by  the  gust  inputs  was 
measured  by  one  angular  and  three  linear  accelerometers  placed  at  the  aircraft  center  of  giavity. 
These  transducers  were  oriented  as  described  in  Section  2,1.6.  The  vertical  accelerometer  was 
installed  at  Fuselage  Station  570.0,  while  the  longitudinal  and  lateral  units  were  installed  at  Fu¬ 
selage  Station  573.0.  The  angular  accelerometer  was  installed  at  Fuselage  Station  560.0. 

2.2.7  Rate  of  Pitch.  Rate  of  aircraft  attitude  change  about  the  pitch  axis  was  recorded  by 
means  of  a  rate  gyro  located  as  closely  as  possible  to  the  center  of  gravity  of  the  aircraft.  The 
instrument  was  located  at  Fuselage  Station  573.0. 

2.2.8  Shock  Velocity.  The  direction  of  the  shock- wave -velocity  vector  in  the  plane  of  the  ver¬ 
tical  and  longitudinal  axes  of  the  aircraft  was  determined  by  measurement  of  transit  time  for  the 
shock  wave  over  the  aircraft  fuselage.  Pressure  transducers  were  located  in  the  aft  fuselage  at 
Station  1227  and  the  forward  fuselage  at  Station  292.  The  time  interval  between  the  recording  of 
the  pressure  change  at  the  shock  front  by  these  transducers  divided  into  the  distance  between  the 
transducers  was  the  propagation  velocity  relative  to  the  aircraft  along  the  line  of  flight.  This 
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relative  propagation  velocity  added  to  the  aii  i  i  ali  velocity  lormed  tlie  hypotenuse  of  a  right  tri¬ 
angle,  one  of  whose  sides  was  equal  to  the  shock-wave  velocity.  The  angle  between  this  side  and 
the  hypotenuse  could  then  be  calculated. 

2.2.9  Angle-of-Attack  Indicators.  An  angle-ol-attack  indicator,  Model  L-30,  manufactured 
by  Specialties  Inc.,  was  installed  on  the  left  side  ol  the  vertical  fin.  Tliis  instrument  operated 
on  a  difference  in  pressure  existing  between  the  upper  and  lower  surfaces  of  its  sensing  probe. 
This  difference  in  pressure  caused  a  rotation  of  the  probe  in  the  direction  of  the  relative  wind, 


Figure  2.6  Location  of  instrumentation  on  No.  6  engine;  (1)  small-slot  fuel 
pressure;  (2)  compression  inlet  pressure,  3  prolies;  (3)  compressor  discharge 
pressure  and  temperature;  (4)  exhaust  gas  temperature,  4  probes;  (5)  tail-pipe 
pressure,  1  wall-static  probe. 

thus  causing  a  corresponding  change  in  potentiometer  output  in  proportion  to  the  change  in  angle 
of  attack.  Range  of  operation  of  this  instrument  was  l  15  degrees. 

In  the  horizontal  stabilizer,  a  Statham  Typo  P-69-1D-350  pressure  transducer  was  installed 
to  measure  the  differential  pressure  between  tlic  upiier  and  lower  surfaces  of  the  forward  section 
of  the  stabilizer  (Figure  2.4).  Installation  of  the  transducer  was  such  that  one  side  of  the  trans¬ 
ducer  was  connected  to  an  orifice  in  the  upper  skin  surface  while  the  other  side  was  coupled  to 
an  Identical  orifice  in  the  iower  skin  surface. 
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2.2.10  Control  Surface  Position  Indicators.  Glannini  Type  85175A  potentiometers  formed  the 
sensing  elements  of  the  rudder,  elevator,  and  aileron  position  indicators.  The  potentiometers 
were  coupled  through  suitaole  linkages  to  the  control  surfaces  to  provide  coupling  ratios  of  one 

to  one  for  the  elevator  and  aileron  surfaces  and  a  ratio  of  two  to  one  for  the  rudder  surface.  Each 
potentiometer  was  a  three-turn  unit  having  a  total  resistance  of  300  ohms  for  the  elevator  and 
aileron  and  150  ohms  for  the  rudder  installations. 

2.2.11  Aircraft  Space  Positioning  and  Position  Measurement.  An  accurate  record  of  aircraft 
positions  during  the  test  operation  was  made  with  a  Raydist  tracking  system.  The  equipment 
(furnished  and  operated  by  the  Hastings  Instrument  Company,  Hampton,  Virginia)  consisted  of  a 
low  frequency  transmitter,  mounted  in  the  aircraft,  which  emitted  a  continuous  signal  received 
at  four  ground  stations  located  in  a  known  relationship  to  one  another.  Three  of  the  ground  sta¬ 
tions  transmitted  phase  information  received  from  the  aircraft  transmitter  to  the  fourth  station. 

At  the  fourth,  or  master  station,  the  signal  was  combined  with  phase  information  received  di¬ 
rectly  from  the  aircraft  for  measurement  of  the  aircraft  position. 

The  aircraft  radar  and  navigational  equipment  was  utilized  for  in-flight  positioning  and  as  a 
backup  position  recorder  lor  the  Raydist  system.  The  array  of  indicators  on  the  navigator’s  in¬ 
strument  panel  was  photographically  recorded.  These  data  included  true  air  speed,  K-system 
air  speed,  altitude,  free-air  temperature,  compass  heading,  time,  sighting  angle,  and  azimuth. 

In  addition,  the  aircraft  radarscope  cameras  were  used  to  record  position  information  directly. 
The  data  yielded  aircraft  position  versus  time  information.  The  location  of  the  camera  and  panel 
are  shown  in  Figure  2.1. 

A  K-17C  mapping  camera  was  mounted  in  the  gimbal  provided  at  Fuselage  Station  1063.0.  The 
camera,  controlled  by  an  intervalometer,  operated  at  a  rate  of  one  frame  every  3  seconds  during 
the  test  operation.  The  ground-zero  photos  were  analyzed  to  obtain  data  of  approximate  aircraft 
position  versus  time. 

An  auxiliary  positioning  computer  (APC)  developed  and  built  by  Radiation,  Incorporated,  for 
USAF,  provided  an  accurate  means  of  positioning  the  aircraft  over  a  specified  target  at  a  prede¬ 
termined  real  time.  The  equipment  comprising  the  system  included  an  ARC-49  receiver  and  de¬ 
coder  located  at  Fuselage  Station  85.0  and  a  modified  B-2A  tracking  computer  (part  of  the  regular 
K-4  system  on  the  aircraft).  A  timing  signal  received  by  the  ARC-49  from  a  ground  source  set 
the  APC  into  operation.  A  value  of  range  time  was  preset  into  the  computer  which  corresponded 
to  the  real  time  of  the  received  signal.  A  comparison  was  then  performed  mechanically  between 
this  real  time  and  the  computed  time  as  measured  in  the  K-4  tracking  computer.  After  compari¬ 
son,  this  information  was  displayed  on  the  time-error  indicators  at  the  navigator’s  and  pilot’s 
positions.  These  instruments  indicated  whether  the  pilot  should  increase  or  decrease  speed  in 
order  to  place  the  aircraft  over  an  assigned  target  at  the  specified  time. 

2.2.12  Visible  Effects,  Data  Cameras.  The  effect  of  shock  and  gust  on  the  tail  section  and 
wing  was  recorded  photographically.  Vertical  and  horizontal  stabilizer-surface  deflections  were 
recorded  on  two  N-9  cameras.  One,  in  the  optigraph  canopy  of  the  aircraft  at  Fuselage  Station 
446.0,  recorded  the  gross  deflection  of  the  entire  tail  section.  The  other  camera  was  located  in 
the  vertical  stabilizer  below  the  horizontal  stabilizer  at  Fuselage  Station  1146.0  and  photographed 
both  stabilizers  simultaneously  on  the  same  film  frame  by  means  of  a  mirror-prism  assembly. 

In  this  manner,  relative  stabilizer  deflection  was  obtained. 

Wing  deflections  were  recorded  by  one  N-9  camera  and  two  Beattie  cameras  located  at  Fuse¬ 
lage  Station  446.0  (38  percent  wing  chord)  in  the  optigraph  canopy.  The  Beattie  cameras  were 
used  to  make  continuous-line  recordings  of  wing  deflection.  The  N-9  camera  was  used  to  provide 
additional  bending  deflection  information.  All  the  above  systems  used  target  lights  placed  at  var¬ 
ious  locations  on  the  wing  and  tail  assemblies  (Reference  8). 

2.2.13  Camera  Frame-Time  Correlation.  A  16- mm  movie  camera  was  installed  in  the  right 
chaff  compartment  to  photograph  a  panel  on  which  counters  (actuated  by  switches  in  the  thermal- 
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and-gust-effects  cameras)  were  mounted.  Time  correlation  was  obtained  from  a  timer  clock 
mounted  on  the  same  panel,  A  time-zero  signal  was  obtained  from  a  light  triggered  by  a  sele¬ 
nium  type  photocell  actuated  by  light  from  the  detonation.  Time  zero  was  also  indicated  by  di¬ 
rect  detonation  light  through  a  small  aperture  in  the  counter  panel.  Roll  and  pitch  were  indicated 
by  a  free  gyro. 

2.3  CALIBRATION 

*  2.3.1  Calorimeters  and  Radiometers.  Calibrations  for  these  instruments  were  obtained  from 
the  Naval  Radiological  Defense  Laboratory  (NRDL),  Channel  sensitivity  calibrations  (mv/in) 
were  made  with  an  accurate  mv  source  contained  in  the  instrument  test  set  developed  by  Cook 
Research  Laboratories  (Reference  9).  Millivolt-per-inch  deflection  calibrations  were  made  be¬ 
fore  each  shot. 

2.3.2  Thermocouples.  Millivolt-per-inch  deflection  calibrations  were  made  for  all  tempera¬ 
ture  channels  before  each  shot.  These  calibrations  were  made  with  the  instrument  test  set  and 
used  in  conjunction  with  standard  thermocouple  tables  for  conversion  from  mv  to  temperature 
rise. 

2.3.3  Strain  Gages.  The  strain  sensitivity  (magnitude  and  sense)  of  strain  gages  used  to 
measure  thermal  loads  was  evaluated  by  the  use  of  known  parameters  of  the  data  channel  to  de¬ 
termine  magnitude  and  the  application  of  point  loads  to  determine  sense.  This  type  of  calibration 

•  was  made  necessary  because  the  desired  measurement  was  strain  at  a  point  and  not  a  dynamom¬ 
eter  type  of  indication  of  external  force,  e.  g. ,  load-cell  applications.  Consequently,  the  strain 
response  of  each  gage  had  to  be  determined  individually,  and  the  direction  of  galvanometer  trace 

,  deflection  had  to  be  related  to  compression  or  tension  through  the  application  of  point  loads  (or 

some  similar  technique)  which  would  induce  a  known  strain  of  either  sign.  Loads  applied  to  the 
trailing  edge  of  the  elevator  were  used  to  calibrate  gages  on  the  upper  and  lower  elevator  skin 
and  on  the  ribs.  Loads  applied  to  the  main  elevator  spar  were  used  to  calibrate  the  gages  and 
rosettes  on  this  spar.  Loads  applied  to  a  small  area  in  the  center  of  each  skin  rosette  were 
used  as  a  check  (on  these  gages)  of  the  main  load  calibration. 

Since  the  gages  used  lor  the  thermal  loads  measurements  were  Q  gages,  another  type  of  cali¬ 
bration  check  was  used.  A:;  stated  in  Section  2.1.4,  the  Q  gage  measures  elongation  strain; 
therefore,  since  aluminum  exhibits  a  positive  temperature  coefficient  of  expansion,  measure¬ 
ments  made  at  two  different  temperatures  of  the  structure  could  be  used  to  evaluate  sense.  Two 
methods  of  obtaining  a  temperature  difference  were  employed.  The  first  consisted  of  balancing 
all  channels  on  the  ground  and  recording  the  differential  deflection  with  the  aircraft  in  flight  at 
a  high  altitude.  The  differential  change  in  temperature  from  ground  to  air  could  be  used  to  eval¬ 
uate  sense.  Elongation  strain  produced  by  a  temperature  difference  of  100  F  was  approximately 
1,300  pin/  in.  This  was  assumed  large  in  comparison  with  elongation  strain  produced  by  air 
loads  on  a  nearly  neutral  elevator  in  level  flight.  The  second  method  consisted  of  a  simplifica¬ 
tion  of  the  above,  in  which  the  data  channels  were  balanced  during  the  heat  of  day  and  a  differ¬ 
ential  deflection  record  taken  at  a  stabilized,  lower,  night  temperature. 

The  magnitude  of  the  elongation  strains  was  evaluated  by  the  following  relationship: 


Where:  e  =  elongation  strain,  in/in 

^act  =  galvanometer  deflection  during  shot,  inch 

Seal  =  galvanometer  deflection  due  to  shunting  one  arm  of  bridge,  inch 
R  =  shunted  bridge  arm  resistance,  ohms 
Rg  =  shunt  resistance,  ohms 
N  =  number  of  active  bridge  arms 
Kg  =  manufacturers  calibration  gage  factor 
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Actual  stress-producing  strain  was  determined  from  elongation  strain  by  using  a  corrective 
procedure  developed  empirically  by  laboratory  techniques. 

The  point-load  system  of  calibration  was  employed  in  the  calibration  of  the  gust-load  strain 
gages  (Reference  10).  The  data  obtained  from  the  point-load  application  were  used  to  determine 
shear,  bending  moment,  and  torsion  equations  at  the  instrumented  stations  (Reference  11).  All 
bridge  outputs  were  recorded  Individually,  and  the  data  were  combined  analytically  after  the 
test  operation.  Periodic  check  loads  of  2,500  pounds  were  applied  at  outboard  wing  and  stabilizer 
stations  to  check  the  three  types  of  load  equations  at  the  instrumented  stations. 

2.3.4  Pressure  Systems.  Pressure  transducer  calibrations  were  performed  on  all  units  be¬ 
fore  and  after  their  installation  in  the  aircraft.  The  first  calibration,  performed  in  the  labora¬ 
tory,  consisted  of  a  detailed  calibration  to  insure  that  all  transducers  were  linear  and  that  their 
outputs  agreed  with  the  information  supplied  by  the  manufacturer.  The  second  calibration,  per¬ 
formed  in  the  field,  consisted  of  a  check  of  the  transducers,  including  the  electrical  system  used 
in  recording  their  outputs  during  test.  Both  calibrations  were  accomplished  by  the  application 
of  known  pressures  in  several  steps  throughout  the  range  of  the  instruments  and  recording  the 
corresponding  outputs.  Li  the  laboratory  calibration,  an  L  &  N  potentiometer  bridge  was  used 
to  record  the  outputs  of  the  gages,  instead  of  the  oscillograph  used  in  the  field  calibrations. 
Pressures  applied  were  measured  by  means  of  water  or  mercury  manometers,  depending  upon 
the  range  of  the  transducer  undergoing  calibration. 

2.3.5  Accelerometers.  Like  the  pressure  transducers,  the  accelerometers  were  calibrated 
in  the  laboratory,  as  well  as  in  the  field.  The  laboratory  calibration  consisted  of  complete  cali¬ 
bration  and  check,  by  the  use  of  a  spin  table,  to  supply  the  necessary  g  forces  for  static  and  dy¬ 
namic  inputs.  During  this  process,  inputs  were  applied  in  steps  throughout  the  range  of  each 
instrument,  while  the  electrical  outputs  were  recorded  by  means  of  an  L  &  N  potentiometer 
bridge.  In  the  field,  each  accelerometer  was  given  a  static  check  of  +  1.0  g,  0.0  g,  and  -1.0  g 
to  verify  the  laboratory  data  and  to  check  operation  through  the  recording  system  installed  in 
the  aircraft. 

2.3.6  Rate  Gyro.  The  rate  gyro  installed  for  the  measurement  of  pitch  rate  was  given  a  com¬ 
plete  laboratory  calibration  prior  to  installation  in  the  aircraft.  The  procedure  followed  was 
similar  to  that  used  in  the  tests  on  accelerometers,  with  the  exception  that  a  low-speed  spin 
table  capable  of  operation  in  both  directions  was  used.  Inputs  in  terms  of  degrees  per  second 
were  applied  in  steps  throughout  the  range  ol  the  gyro.  Outputs  were  recorded  by  means  of  an 

L  &  N  potentiometer  bridge,  while  table  speed  was  measured  by  the  use  of  elapsed  time  tech¬ 
niques. 

2.3.7  Time-Interval  Equipment.  The  accuracy  of  time-interval  measurement  required  in 
these  tests  was  1 100  /usee.  No  calibration  other  than  operational  checks  was  required,  since 
the  units  had  self-contained,  crystal-controlled  lOO-.^c  oscillators  (10  /..sec  per  cycle). 

2.3.8  Control  Surface  Sensors.  Position  indicators  installed  on  the  rudder,  elevator,  and 
aileron  were  calibrated  in  the  field  by  the  movement  of  the  control  surfaces  through  their  ranges 
of  deflection  and  the  recording  of  the  electrical  outputs  at  various  angular  deflections.  Deflec¬ 
tions  of  the  rudder  were  measured  by  a  rudder  protractor  designed  by  the  airframe  manufac¬ 
turer.  The  remaining  control  surface  deflections  were  measured  by  the  use  of  a  clinometer. 
Electrical  outputs  were  recorded  through  the  instrumentation  installed  in  the  aircraft. 

2.3.9  Angle-of-Attack  Indicator.  Calibration  of  the  angle -of -attack  indicators  was  performed 
after  their  installation  in  the  aircraft.  The  instrument  installed  in  the  vertical  stabilizer  was 
calibrated  by  the  rotation  of  the  probe  through  its  range  of  operation  and  the  recording  of  the 
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electrical  outputs  for  various  angular  deflections.  The  differential  pressure  type  of  angle-of- 
attack  Indicator  installed  in  the  horizontal  stabilizer  was  calibrated  pressure-wise  and  converted 
to  angle  of  attack  analytically.  In  both  the  above  cases,  the  outputs  were  recorded  by  the  use  of 
the  instrumentation  system  installed  in  the  aircraft. 

2.3.10  Aircraft  Instruments,  With  the  exception  of  K-system  true  air  speed,  no  calibration 
of  the  aircraft’s  instruments  was  made,  since  normal  instrument  accuracy  was  all  that  was  re¬ 
quired.  True  air  speed  was  calibrated  with  a  standard  K-system  180-degree  wind  run. 
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Chapters 

OPERATIONS 


Planning  for  the  participation  of  the  B-47E  aircraft  in  Operation  Redwing  was  initiated  during 
the  early  part  of  1955. 

Certain  modifications  had  to  be  made  to  the  aircraft  to  accommodate  instrumentation  and  its 
maintenance.  To  insure  safety  of  flight,  certain  parts  of  the  aircraft  vulnerable  to  effects  of 
radiant  exposure,  such  as  the  elevator  balance  seal,  drains,  and  internal  sections,  were  shielded 
or  painted  with  low-absorptivity  paint.  Thermal  curtains  made  of  heavy  white  cotton  duck  backed 
with  aluminized  vinyl  were  placed  over  the  canopy  and  navigator’s  windows.  The  curtains  were 
necessary  only  during  the  thermal  phase  of  the  detonation  and  were,  therefore,  designed  for  rapid 
installation  and  removal. 

At  the  completion  of  the  installation-and-calibration  stage  of  the  project,  the  aircraft  was 
flown  in  test  flights  in  the  continental  United  States  to  check  the  response  characteristics  and  op¬ 
eration  of  the  instrumentation.  Upon  arrival  at  the  EPG  on  12  March  1956,  the  B-47E  was  again 
flown  on  test  and  practice  missions  to  develop  air  crew  proficiency  and  in-flight  calibration  of 
certain  equipment.  A  flight  plan  was  chosen  which  would  facilitate  positioning  of  the  aircraft  at 
a  point  in  space  at  a  predetermined  time.  This  plan  was  followed  on  all  test  participations. 

3.1  SHOT  PARTICIPATIONS 

In  making  a  choice  of  shot  participations,  it  was  necessary  to  evaluate  various  positioning 
factors  as  related  to  the  limiting  criteria  set  forth  in  Chapter  1  and  to  select  the  combinations 
of  gust  and  thermal  effects  which  would  satisfy  the  objectives  of  the  project.  The  choice  of  shot 
participations,  as  well  as  positioning  criteria,  are  shown  in  Table  3.1.  These  criteria  were  es¬ 
tablished  by  such  studies  as  the  one  presented  in  Reference  6. 

For  Shots  Cherokee,  Navajo,  and  Tewa,  the  limiting  parameter  was  the  radiant  exposure  nec¬ 
essary  to  cause  a  temperature  rise  of  400  to  500  F  on  numerous  portions  of  the  aircraft  simul¬ 
taneously.  However,  on  Shot  Tewa,  the  aircraft  was  also  positioned  for  gust  effects  at  the 
sacrifice  of  the  elevator  thermal-strain  data.  On  Shots  Zuni,  Dakota,  and  Apache,  the  gust  ef¬ 
fects  were  the  limiting  factors,  and  test  panels  were  painted  so  that  the  resulting  temperature 
rises  would  be  high  enough  to  cause  buckling  in  the  thin-skinned  test  panels.  The  position  of  the 
aircraft  on  Shot  Flathead  was  such  that  the  predominant  effects  would  be  overpressure  and  gust. 
During  Shots  Huron  and  Mohawk,  the  aircraft  was  positioned  to  obtain  side  loads.  No  thermal 
effects  were  anticipated. 

3.2  FLIGHT  PLANS 

Because  of  the  excessive  amount  of  aircraft  traffic  handled  at  Eniwetok,  the  operational  plan 
had  to  be  executed  with  considerable  emphasis  on  time.  Also,  because  of  the  need  to  be  at  a 
specified  position  in  space  at  a  predetermined  time,  the  time  correlation  of  the  operational  plan 
was  given  more  emphasis  than  would  be  necessary  on  an  actual  bombing  mission.  The  typical 
flight  plan  used  during  Operation  Redwing  is  shown  in  Figure  3.1,  and  flight  conditions  existing 
for  each  shot  are  presented  in  Table  4.1.  The  aircraft  was  flying  away  from  ground  zero  at 
time  zero  on  all  shots  except  Mohawk  and  Huron,  when  the  aircraft  was  positioned  for  side  loads. 
The  flight  plan  shown  in  Figure  3.1  was  chosen  by  the  aircraft  commander  and  was  used  on  all 
tests  of  the  o{)eration.  This  plan  made  it  possible  to  establish  with  considerable  accuracy  wind 


30 

SECRET 


velocity,  true  air  speed,  and  such  other  navigational  data  as  were  necessary  for  the  execution 
of  given  time-position  requirements.  This  was  important  to  the  analysis  associated  with  over¬ 
pressure,  gust,  and  thermal  effects. 

The  typical  flight  pattern  consisted  of  four  timing  runs  followed  by  a  wind  box.  Each  of  the 
timing  runs  was  a  race-track  pattern  with  two  approximately  40-nautical-mile  legs  and  two  3- 
minute  turns.  The  turns  were  executed  with  one  90-degree  turn  followed  by  a  1 -minute  leg  and 
then  another  standard  90-degree  turn.  The  time  correlation  on  the  final  run  was  computed  ac¬ 
curately  the  auxiliary  positioning  computer  (APC),  which  compared  real  time  with  time  to  the 
desired  point  in  space  from  the  K-4  system.  The  results  of  the  comparison  were  presented  to 
both  the  pilot  and  navigator  on  a  panel  indicator  in  terms  of  seconds  late  or  early  along  the  path. 
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Chapter  4 

RESULTS 


The  results  presented  herein  were  derived  principally  from  data  which  were  recorded  on  oscil¬ 
lograph  paper  and  film  within  the  aircraft.  The  data  were  reduced  both  manually  and  with  semi¬ 
automatic  data-reduction  equipment.  A  time-history  presentation  of  all  recorded  data  has  been 
made  in  Reference  12.  Significant  results  for  each  measured  parameter  are  included  herein. 

4.1  OPERATIONAL  RESULTS 

The  standard  flight  plan  was  flown  using  the  aircraft  K  system  with  tracking  accomplished  by 
Raydist  navigation  equipment.  Intended  and  actual  aircraft  range  relative  to  ground  zero  appear 
as  part  of  Table  4.1.  The  aircraft  was  tracked  successfully  by  Raydist  during  Shots  Cherokee, 
Flathead,  Dakota,  Navajo,  and  Tewa.  For  those  cases  in  which  Raydist  data  were  not  available, 
it  was  necessary  to  use  auxiliary  sources.  These  sources  were  the  two  photo  panels,  a  mapping 
camera,  cameras  aimed  at  ground  zero,  and  the  K  system. 

Other  recorded  flight  operational  results  such  as  speed,  heading,  wind  vector,  etc. ,  also  ap¬ 
pear  in  Table  4.1.  Position  yield,  design  yield  and  actual  yield  have  also  been  incorporated  in 
Table  4.1  for  convenience,  even  though  they  are  independent  of  aircraft  operations.  Meteoro¬ 
logical  data  for  all  flights  are  presented  in  Table  4.2. 

4.2  THERMAL  INPUT 

Values  of  peak  irradiance  and  total  radiant  exposure  obtained  from  radiometers  and  calorim¬ 
eters  are  summarized  in  Table  4.3.  These  values  were  obtained  by  using  a  data  reduction  pro¬ 
cedure  as  prescribed  by  NRDL.  This  procedure  corrected  the  data  for  the  change  in  thermal 
emf  of  the  thermocouple  and  the  heat  capacity  of  the  receiver  as  a  function  of  temperature.  For 
the  calorimeters,  the  NRDL  procedure  also  corrected  the  data  for  the  heat  loss  of  the  particular 
instrument.  Further  corrections  for  transmission  losses  because  of  filter  and  for  angle  of  inci¬ 
dence  of  incoming  energy  have  been  made  in  applicable  cases  for  Table  4.3. 

Time-history  plots  of  irradiance,  radiant  exposure,  and  temperature  rise  in  the  reference 
panel  (Figure  2.2)  are  presented  in  Figure  4.1.  The  data  are  from  Shot  Dakota  and  show  the  ex¬ 
pected  relation  of  these  quantities. 

Two  calorimeters  were  used  to  determine  the  effect  of  paint  on  the  transmission  of  radiant 
energy  through  the  plastic  radome.  One  calorimeter  received  energy  through  the  honeycombed 
material  painted  white  (absorptivity,  0.2)  while  the  other  viewed  through  the  natural  finish  of 
honeycomb  (absorptivity,  0.7).  Results  from  three  tests  showed  the  painted  area  reduced  trans¬ 
mission  of  radiant  energy  by  65,  60,  and  53  percent,  as  would  be  expected. 

Scatter  measurement  of  radiant  exposure  was  made  by  a  calorimeter  mounted  perpendicularly 
to  a  ray  from  ground  zero.  This  instrument  measured  extremely  small  outputs,  ranging  from 
0.08  to  0.69  cal/cm^,  when  measurable.  It  was  significant  that  these  exposures  fell  in  the  rather 
limited  range  of  2.1  to  2.6  percent  of  the  total  radiant  e3q)osure  looking  directly  at  the  detonation. 

4.3  THERMAL  RESPONSES 

4.3.1  Temperature  Rise.  A  summary  of  temperature  rises  for  various  skin  thicknesses  and 
the  outer  radome  laminate  is  presented  in  Table  4.4.  The  absorptivity  and  angle  of  incidence  of 
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Cloud  cover  type  legend:  C,  cumulus,  AS,  altostratus,  CS,  cirrostratus,  AC,  altocumulus,  SC,  stratocumulus,  and  CR,  cirrus. 


TABLE  4.3  THERMAL  RAOUTION 


Numbrt  In  p4r»nth»i4«  >r«  ftoldi  of  vtow  of  tn«truni«BU  In  degr— »■  NA,  not  «v»llabl«.  NR,  not  fduclbU. 


Shot 

Irradianca 

Radiant  Expotura,  csl/em’ 

Paak  Valua 

Paak  Tima 

Ob  HorisoBUi  PiaM  * 

On  Plan*  Normal  to  Ray  from 

1 

2 

Pradlotadt 

Maaaurad 

(160) 

Pradletedt 

Maaaurad 

(21) 

Maaaurad 

(45) 

Maaaurad 

(90) 

Maaaurad 

(160) 

(cal/cm')/a*e 

MC 

Charoka* 

4.  SI 

3.03 

16.8 

10.'9 

22.1 

NR 

NR 

16.37 

17.71 

Zuni 

8.40 

1.8T 

17 

21.28 

22.40 

18.58 

26.40 

31.17 

30.78 

Flathtad 

3.18 

0.68 

S.3S 

3.64 

NA 

2.16 

2.41 

3.85 

3.93 

Dakou 

13.39 

1.10 

27 

21.20 

30.3 

20.39 

23.38 

27.86 

26.32 

Apacha 

S.T8 

1.38 

11.8 

9.03 

15.1 

11.09 

12.54 

13.56 

12.94 

Navajo 

8.S1 

2.09 

21.8 

20.69 

26.3 

8.12 

26.62 

33.19 

33.15 

Tawa 

10.29 

2.09 

33.S 

24.46 

38.1 

NR 

31.15 

33.58 

32.79 

*  Maaaurad  valua*  of  tharmal  anargy  Ineldaat  on  horlaontal  plan*  ar*  naturally  not  eorractad  for  angl*  of  incldanca. 

I  All  other 

nMaaurad  valuaa  ar*  eorractad. 

1  Pradtctad  valua*  baaad  on  (Inal  yialda  and  aircraft  position*. 

TABLE  4.4  SUMMARY  OP  PEAK  TEMPERATURE  RISE 

Data  in  this  tabla  ia  not  applicabi*  to  Shot*  Flathaad,  Mohawk  and  Huron.  X  -  angl*  of  Incidano* 
at  tlnaa  taro.  «  •  abaorptlviqr.  AT  •  tamparatura  rlaa,  F. 

Charoka* 

ZunI 

Dakota 

Apacha 

Navajo 

Tawa 

Elavator  Lower  Skin* 

Laft  Elavator  SU.  146.0, 

X 

54 

43 

18 

39 

39 

33 

0.025,  248  -T3 

a 

0.30 

0.81 

0.98 

0.98 

0.41 

0.36 

AT 

75 

346 

547  7 

250 

210 

225 

Right  Elavator  Sta.  148.0, 

X 

53 

42 

18 

39 

39 

33 

0.025,  248  •  TS 

« 

0.27 

0.32 

0.96 

0.96 

0.42 

0.41 

AT 

58 

170 

520 

266 

211 

212 

Right  Allaron 

Trailing  Edgs  Sts.  476.0, 

X 

56 

45 

22 

42 

42 

37 

0.020,  24S  -  T3 

« 

0.24 

0.82 

0.96 

0.81 

0.21 

0.21 

AT 

54 

380 

480 

227 

140 

156 

Trailing  Edg*  SU.  767.0. 

X 

58 

46 

22 

42 

43 

37 

0.020,  248  -  T3 

« 

0.19 

0.82 

0.81 

0.81 

0.48 

0.51 

AT 

41 

430 

432 

235 

315 

315 

Right  Stabtliaar 

Stabilisar  SU.  166.0, 

X 

60 

49 

25 

46 

46 

40 

0.064,  758  -  T6 

« 

0.25 

0.25 

0.20 

0.17 

0.16 

0.17 

AT 

20 

50 

50 

18 

43 

44 

StablliiarSU.  192.0, 

X 

60 

49 

25 

46 

46 

40 

0.040,  758  -  T6 

<K 

0.23 

0.97 

0.96 

0.96 

0.16 

0.18 

AT 

29 

328 

388 

170 

82 

93 

Rsdom*  OuUr  Surfac* 

Fuaalaga  SU.  202.0,  laft 

X 

56 

42 

22 

38 

37 

32 

« 

0.22 

0.20 

0.20 

0.24 

0.25 

0.20 

AT 

47 

120 

162 

76 

148 

162 

Fuaalag*  Sta.  202.0,  right 

X 

43 

38 

21 

36 

37 

33 

0.70 

0.70 

0.70 

0.70 

0.72 

0.70 

AT 

92 

321 

387 

169 

321 

322 

*  Spar*  alavalor  utad  on  all  abota  axcapt  Charoka*. 

t  Avaraga  takan  from  raftranca  panal,  (no  tamparatura  valua*  availabla  hara  for  thia  flight). 
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each  surface  is  included  for  comparison  of  data.  In  all  cases,  the  temperature  rise  listed  was 
the  maximum  measured  value.  Data  from  Shots  Flathead,  Mohawk,  and  Huron  are  not  presented 
because  the  aircraft  was  positioned  for  gust  loading  and  negligible  temperature  rises  were  re¬ 
corded. 

Typical  temperature  distributions  in  instrumented  structural  members  and  panels  under  in¬ 
vestigation  have  been  prepared  to  show  the  relative  temperature  rises  as  a  function  of  time. 


Figure  4.1  Time-history  representation  of  irradiance,  radiant  exposure,  and 
temperature  rise  on  reference  panel,  ground-zero  mount,  for  Shot  Dakota. 


In  most  cases  flight  Tewa  was  used  since  this  event  produced  the  greatest  thermal  inputs. 

Figure  4.2  shows  the  temperature  distribution  in  the  right  elevator  inboard  rib.  As  was  ex¬ 
pected,  the  proximity  of  the  thermocouples  to  the  irradiated  surface  determined  the  relative 
peaks  and  times  to  peak  of  the  temperature  rises  at  the  rib  flange  and  at  the  center  of  the  rib. 
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Figure  4.3  shows  the  chord- wise  temperature  distribution  in  the  right  stabilizer  skin  panel 
for  Shot  Tewa.  In  all  cases  these  thermocouples  were  mounted  on  0.040-inch  aluminum  painted 
white  (absorptivity  of  a  =  0.18).  The  only  variable  here  sho"ld  be  the  surface  convective  cooling 
coefficient.  Since  the  coefficient  of  cooling  is  an  inverse  function  of  distance  from  the  leading 
edge,  the  more  distant  points  should  be  expected  to  rise  to  the  highest  temperatures.  This  is 
shown  to  be  the  case  since  maximum  temperatures  (from  leading  edge  aft)  were  80  F,  83  F, 
and  93  F. 

Figure  4.4  shows  span-wise  temperature  distributions  for  the  right  stabilizer  at  the  same 
distance  from  the  leading  edge  and  the  same  skin  absorptivity.  Temperature  rises  of  0.064-inch 


Figure  4.2  Time-history  representation  of  temperature  rise  on  the  inboard 
instrumented  rib  of  the  right  elevator. 


and  0.040- inch  aluminum  have  been  compared  to  show  relative  temperature  rise  with  skin  thick¬ 
ness  being  the  only  variable. 

Temperature  distribution  in  the  radome  honeycomb  is  shown  in  Figure  4.5.  White  paint  on 
the  surface  reduced  the  temperature  rises  to  less  than  50  percent  of  the  temperature  rises  that 
existed  in  the  unpainted  area. 

Temperature  distributions  in  the  bomb-bay  doors  are  shown  in  Figure  4.6.  Here  a  0.032-inch 
aluminum  panel  of  the  bomb-bay  door  is  compared  to  a  0.040-inch  magnesium  panel  of  the  same 
door.  The  aluminum  panel  temperature  rose  only  92  F  as  compared  to  136  F  for  the  magnesium 
panel. 


4.3.2  Thermal  Strain.  The  elongation  strains  (total  measured  strains)  of  the  elevator  ribs, 
front  spar  and  upper  skin  were  corrected  for  the  expansion  of  aluminum  using  the  temperature 
provided  by  adjacent  thermocouples.  The  corrected  data  thus  consisted  only  of  stress-producing 
strain  (due  to  axial  and  bending  loads).  Peak  values  of  this  corrected  strain  are  summarized  in 
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Figure  4.3  Time-history  representation  of  chord-wise  temperature  distribution 
on  the  lower  skin  of  the  right  stabilizer  when  painted  white. 


Figure  4.4  Time-history  representation  of  span-wise  temperature  distribution 
on  the  lower  skin  of  the  right  stabilizer  when  painted  white. 
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Figure  4.5  Time-history  representation  of  temperature  Figure  4.6  Time-history  representation  of  temperature 

rise  on  the  radome  as  a  function  of  surface  condition.  rise  on  the  aluminum  and  magnesium  panels  of  the 

bomb-bay  door. 


Tables  4.5  and  4.6.  Peak  values  of  stress-producing  strain  in  the  left  elevator  ribs  have  been 
compared  with  maximum  lower-skin  temperature  rise  (Figure  4.7).  Since  the  tension  applied  to 
the  rib  by  the  heated,  expanding  skin  changed  abruptly  in  the  skin-temperature  range  of  350  to 
450  F,  this  comparison  of  rib  strain  versus  skin  temperature  indicated  that  yield  of  the  skin  had 

TABLE  4.5  SUMMARY  OF  PEAK  ELEVATOR*  STRAINS,  CAP  MOUNTED  GAGES 


+  equals  tension;  -  equals  compression.  NH,,  equals  data  not  reducible. 


Location 

Strain,  pin/in 

Cherokee 

Zuni 

Dakota 

Apache 

Navajo 

Left  Outboard  Rib,  Upper  Cap 

IJO 

4  ISO 

+  220 

+  80 

+  95 

Left  Outboard  Rib,  Lmier  Cap 

Nile 

1,020 

-t-  9H0 

•t  560 

*  495 

Left  Inboard  Rib,  rp|>t;r  Cap 

-r  tio 

+  150 

+  212 

+  160 

+  95 

Left  Inboard  Rib,  Lower  Cap 

■*  fi-lO 

-t  1,650 

+  1,660 

*  1,150 

+  922 

Right  Inboard  Rib,  Cpper  Cap 

^  100 

1  60 

+  160 

NRe 

NRe 

Right  Inboard  Rib,  Lower  Cap 

NRc- 

■+875 

■t  1,200 

NRe 

NRe 

Left  Front  Spar,  Upper  Cap 

NHu 

-200 

-350 

-220 

-120 

Left  Front  Spar,  Lower  Cap 

•+  1.50 

-540 

-545 

+  320 

+  410 

Right  Front  Spar,  Upper  Cap 

-20 

—  35 

..  127 

+  122 

Right  Front  Spar,  Lower  Cap 

t  1(10 

*  :i;j5 

“635 

+  170 

+  315 

*  Spare  elevator  used  on  all  shots  except  Cherokee. 


apparently  occurred.  Hence,  there  was  little  change  in  rib  strain  at  higher  skin  temperatures. 
This  also  provided  evidence  that  failure  of  skin  occurred  before  failure  of  the  primary  structure. 

The  strain  gages  mounted  on  the  elevator  lower  skin  shielded  the  skin  immediately  under  the 
gage,  thus  adversely  affecting  the  temperature  of  the  material  instrumented.  In  order  to  eval¬ 
uate  the  complete  correction  necessary  for  this  temperature  differential  effect,  in  addition  to 
the  effect  of  expansion  of  the  material,  similar  model  tests  were  conducted  at  Cook  Research 
Laboratories.  Similarity  or  duplication  was  achieved  in  instrumentation,  shape,  thickness, 
types  of  materials,  surface  paints,  and  mode  ol  heating  radiation.  The  panels  tested  were  un¬ 
restrained  in  order  to  obtain  direct  corrections  lor  all  the  adverse  effects  of  the  thermal  load¬ 


TABLE  4.6  SI  .M.MARV 

1  BEAK 

ELEVA  TOR  ■ 

STRAINS 

INTERNA 

LLY 

.\KH 

M  KU 

R.iSET  EE? 

:,  fMAXlME.M 

ARM) 

+  equals  tension;  - 

equal 

conipres.s 

ion. 

Location 

Slrair 

1,  ^in  in 

Cherokee 

Ziini 

Dakota 

Apache 

Navajo 

Left  Upper  Skin 

‘'C 

t  1^0 

155 

-  120 

-110 

Left  Outboard  Rib 

245 

•  473 

450 

+  345 

+  295 

Left  Inboard  Rib 

4  155 

1,420 

-*  1,610 

+  1,010 

Right  Inboard  Rib 

350 

^  810 

+  1,200 

♦  720 

+  660 

Left  Front  Spar 

+  60 

-190 

-240 

+  115 

+  175 

Right  Front  Spar 

+  72 

+  130 

i-  l!^0 

+  115 

+  150 

*  Spare  elevator 

used  on  all  shots 

e.xcopt  Cherokee. 

ing  on  the  gage  readings.  Application  of  these  corrections  to  the  field  test  data  provided  the 
stress-producing  strains.  These  peak  values  for  the  elevator  lower  skin  are  summarized  in 
Table  4.7.  High  thermal  radiation  combined  with  the  high  absorptivity  of  the  elevator  lower 
skin  panel  (0.96)  on  Shot  Dakota  destroyed  the  majority  of  the  skin  strain  gages.  Therefore, 
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elevator  lower-skin  strain-gage  data  were  not  available  for  Shot  Dakota  and  subsequent  shots. 

A  post-flight  Shot  Dakota  photograph  of  the  left  elevator  thermal  panel  (after  paint  had  been 
removed)  is  presented  in  Figure  4.8.  This  photograph  shows  the  effects  of  thermally  induced 
loads  in  thin-skinned  sections  painted  with  high  absorptivity  paint.  The  residual  buckles  caused 
by  plastic  deformation  at  the  l..gh  temperatures  are  clearly  visible. 


skin  temperature  rise. 

4.4  GUST  INPUTS 

Pressure-sensing  instruments  were  orientated  about  the  fuselage  at  Station  1227.0  and  at  the 
bottom  of  the  fuselage  at  Station  292.0  as  described  in  Section  2.2.4.  This  sensor  arrangement 
insured  pressure  measurement  at  a  point  tangential  to  the  impinging  shock  front  and  a  measure- 
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merit  of  shock  propagation  time  along  the  aircraft  fuselage.  Table  4.8  summarizes  the  peak 
overpressure  and  shock-wave-propagation  time  from  Fuselage  Station  1227.0  to  292.0  for  all 
events.  All  pressures  are  differential  values  measured  from  ambient  conditions  for  level  flight 
at  aircraft  altitude. 

Measured  overpressure  taken  from  Shot  Dakota  is  presented  in  Figure  4.9.  The  dual  time 
scale  permits  a  time-history  investigation  of  the  peak  condition  and  the  duration  of  the  positive 
phase. 


4.5  GUST  LOAD  EFFECTS 

4.5.1  Aircraft  Disposition.  Aircraft  accelerations  were  measured  in  the  vertical,  longitudi¬ 
nal,  and  lateral  directions  by  linear  accelerometers  located  near  the  aircraft  center  of  gravity 


Figure  4.8  Residual  buckles  evident  in  the  lower  skin 
of  the  left  elevator  after  Shot  Dakota. 

(c.  g. ).  Also  located  near  the  c.  g.  was  an  accelerometer  measuring  angular  acceleration  about 
the  aircraft  lateral  axis,  together  with  a  rate  of  pitch  gyro.  Change  in  angle  of  attack  was 
measured  on  the  vertical  fin. 

Time-history  graphs  of  differential  vertical  acceleration,  differential  angle  of  attack,  and 
differential  rate  of  pitch  taken  during  Shot  Dakota  are  presented  in  Figures  4.10  through  4.12. 
Peak  differential  values  of  accelerations  and  attitudes  are  summarized  in  Table  4.9.  Aircraft 
disposition  measurements  were  taken  from  a  1.0  g  flight  condition. 
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Figure  4.9  Time-history  representation  of  overpressure 
taken  at  the  aircraft  during  Shot  Dakota. 


R«t.  Z«ro  Tim«  »  T  •t-26.9SMC 

*  Reference  Time  ,  seconds 


Figure  4.10  Time-history  representation  of  differential  vertical 
acceleration  taken  at  the  aircraft  center  of  gravity  during  Shot 
Dakota. 
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Figure  4.11  Time-history  representation  of  differential 
angle  of  attack  taken  during  Shot  Dakota. 


Reference  Time ,  seconds 

Figure  4.12  Time-history  representation  of  differential 
rate  of  pitch  taken  during  Shot  Dakota. 
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4.5.2  Structural  Response.  Time-history  plots  of  the  wing  and  stabilizer  differential  load 
effects  for  Shot  Dakota  and  of  fuselage  differential  load  effects  for  Shot  Huron  are  shown  in  Fig¬ 
ures  4.13  through  4.16.  Figure  4.17  shows  a  time-history  record  of  differential  wing  deflection 
for  Shot  Flathead.  A  summary  of  peak  incremental  bending  moment,  shear,  and  torque  at  all 


R(t.  Zero  I^+ZS.SSmo, 


Rsfsrence  Time,  seconds 


Figure  4.13  Time-history  representation  of  differential 
wing  bending  moment  taken  during  Shot  Dakota. 


instrumented  stations  is  given  in  Table  4.10.  Instrumentations  of  Right  Wing  Station  615.0  and 
Fuselage  Stations  800.0  and  1044.0  were  initiated  in  the  field.  These  installations  were  com¬ 
pleted  just  prior  to  Shots  Flathead,  Tewa,  and  Mohawk,  respectively;  therefore,  no  data  for 
events  prior  to  these  exist.  Since  the  aircraft  was  positioned  for  symmetrical  loading  during 
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Peak  Incremental  Deflection,  in 

Wing  Sta.  840.75  13.00  16.20  35.50  15.00  9.20  14.10  17.80 
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Peak  incremental  measurements.  t  Absolute  measurement.  J  Engine  rpm  at  time  of  shock  arrival, 
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Shot  Tewa,  vertical-loads  data  were  developed  and  side-loads  data  were  neglected  at  the  fuse¬ 
lage  stations. 

One  g  bending  moment  at  a  constant  dynamic  pressure,  within  the  range  of  dynamic  pressure 
encountered  during  test  events,  in  addition  to  design  limit  loads  and  sign  convention,  are  pre¬ 
sented  in  Table  4.11.  Measured  incremental  moment  added  to  the  one  g  moment  enables  deter¬ 
mination  of  the  percent  of  design  limit  moment  measured. 

4.5.3  Effects  on  Engine  Performance.  Data  listed  in  Table  4.12  were  obtained  from  pressure 
transducers  and  thermocouples  installed  directly  on  the  engine  and  recorded  in  the  CRA,  with 
the  exception  of  engine  rpm,  which  was  indicated  directly  on  the  chaff  chute  photo  panel.  Time- 
history  graphs  of  engine  performance  for  Shot  Dakota  appear  in  Figures  4.18  and  4.19. 
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Chapter  5 

DISCUSSION 


It  was  possible  to  participate  successfully  in  all  shots  of  Operation  Redwing  which  had  been  se¬ 
lected  for  capability  data.  Two  of  these  shots  were  used  for  obtaining  data  on  side-load  effects. 
Aircraft  instrumentation,  including  all  primary  and  auxiliary  data  sources  and  recorders,  was 
from  91  to  96  percent  operational  during  the  test  series.  Events  utilized  to  test  the  aircraft’s 
weapon  delivery  capabilities  included  Shots  Cherokee,  Zuni,  Flathead,  Dakota,  Apache,  Navajo, 
and  Tewa.  Events  utilized  to  obtain  side-load  data  were  Shots  Mohawk  and  Huron. 

The  selection  of  events  for  capability  data  on  the  B-47E  was  made  to  give  reasonable  assur¬ 
ance  of  near-limit  inputs  for  gust  and/or  thermal  loads.  A  more  conservative  positioning  cri¬ 
terion  was  used  in  the  selection  of  events  for  side-load  data.  Actual  yields  varied  from  33  to  135 
percent  of  preshot  positioning  yield;  therefore,  a  good  range  of  data  was  established  relating  to 
both  aircraft  capability  and  weapon  effects. 

The  decision  to  investigate  the  effects  of  side  loads  on  a  bomber-type  aircraft  was  made  dur¬ 
ing  the  course  of  the  operation,  when  it  was  ascertained  that  data  sufficient  for  capability  studies 
would  be  obtained.  It  was  determined  that  the  aircraft  could  be  instrumented  for  measurement 
of  side  loads  and  positioned  to  receive  the  side  inputs  from  Shots  Mohawk  and  Huron  without  sac¬ 
rificing  primary  capability  data.  The  decision  to  study  side-load  effects  was  based  upon  the  need 
for  data  to  correlate  effects  on  bomber-type  aircraft  with  those  being  obtained  for  a  fighter  type 
aircraft  (Project  5.5,  F-84F  Research  Aircraft)  and  to  refine  prediction  methods  for  side-load 
effects. 

All  predicted  values  appearing  herein  are  based  on  final  yields  and  aircraft  positions. 

5.1  THERMAL  INPUTS 

Predictions  of  total  radiant  exposure  were  found  to  be  generally  conservative;  i.  e. ,  higher 
than  actual  radiant  exposure  as  measured  by  the  calorimeters.  This  conservative  trend  is  evi¬ 
dent  in  Figures  5.1  and  5.2  where  the  data  can  be  seen  to  lie,  in  general,  closer  to  the  20  percent 
line  than  to  the  perfect  agreement  line.  Measured  total  radiant  exposure  was  based  upon  the  read¬ 
ings  of  three  calorimeters  aimed  ai  ground  zero,  equipped  with  quartz  filters  and  possessing  90- 
degree  fields  of  view. 

In  both  Figure  5.1  and  Figure  5.2,  Shots  Navajo  and  Zuni  show  unusually  high  measured  values 
in  comparison  with  the  predicted,  while  in  both  cases  the  measured  values  which  were  lowest 
with  respect  to  predicted  were  recorded  on  Shots  Cherokee  and  Tewa,  The  meteorological  data 
of  Table  4.2  indicate  a  possible  reason  for  this  occurrence.  During  all  shots,  the  heaviest  cloud 
coverage  at  altitudes  between  the  device  and  the  aircraft  was  reported  for  Shots  Navajo  and  Zuni 
and  the  lightest  for  Shots  Cherokee  and  Tewa. 

The  effect  of  clouds  on  thermal  radiation  is  a  complex  phenomenon  depending  on  cloud  thick¬ 
ness,  particle  size  and  distribution,  absorption,  albedo,  geometry,  atmospheric  attenuation, 
source  spectral  distribution,  and  the  albedo  of  the  underlying  ground.  The  problem  was  dis¬ 
cussed  in  Reference  13  and  it  was  concluded  that  although  the  effect  of  clouds  above  the  aircraft 
attitude  could  probably  be  neglected,  a  laboratory  model  study  indicated  that  clouds  between  the 
device  and  the  aircraft  could  greatly  increase  the  thermal  radiation  at  the  aircraft  in  certain 
areas  of  space.  This  increase  can  be  brought  about  either  by  reflection  or  transmission,  since 
both  are  primarily  scattering  processes,  although  the  water  vapor  absorption  also  present  is  an 
attenuating  process. 
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Measured  Rodiant  Exposure  .  Horizontal  Plane. col/cm  Meosured  Total  Radiant  Exposure  .  cal/cm= 

Figure  5.1  Predicted  versus  measured  radiant  Figure  5.2  Predicted  versus  measured  total 

exposure  incident  upon  a  horizontai  plane.  radiant  exposure  direct  from  ground  zero. 


It  seems  likely,  then,  that  the  prediction  trend  was  20  percent  or  more  conservative,  and  that 
the  heavy  cloud  coverage  on  Shots  Navajo  and  Zuni  caused  an  unpredicted  increase  in  measured 
thermal  energy. 

It  was  possible  to  ascertain  the  effect  of  the  angle  of  the  field  of  view  for  the  calorimeter  upon 
the  readings  obtained.  Table  4.2  showed  readings  for  21-degree,  45-degree,  and  160-degree 
fields  of  view  as  well  as  the  90-degree  field  of  view  values.  It  can  be  seen  that  the  21-degree 
field  of  view  sees  about  60  percent,  the  45-degree  field  of  view  sees  about  80  percent,  and  the 
160-degree  field  of  view  sees  about  the  same  as  the  90-degree  field  of  view  calorimeter. 

The  reliability  of  measured  values  of  irradiance  and  radiant  e;q)osure  can  be  estimated  by 
integration  of  the  thermal  irradiance  curve  to  a  time  where  further  integration  would  not  add 
significantly  to  the  total  value.  At  that  particular  time,  a  comparison  was  made  of  measured 
radiant  exposure  and  the  integrated  irradiance.  The  comparison  is  shown  in  Figure  5.3,  and 
good  correlation  is  evident. 


5.2  THERMAL  RESPONSES 

5.2.1  Temperature  Rises.  Measured  temperature  rises  in  the  lower  center  panel  of  the  right 
elevator  have  been  compared  to  predicted  values  in  Figure  5.4.  The  predicted  temperature  rises 
are  based  upon  measured  thermal  radiation  at  the  surface.  The  theoretical  rises  are  seen  to  be 
higher  than  measured  rises,  showing  conservatism  in  the  prediction  theory. 

In  attempting  to  cause  plastic  deformation,  test  areas  were  painted  with  high  absorptivity 
paint.  For  Shot  Dakota,  the  entire  eievator  and  reference  panel  were  black  (a  =  0,96),  and  max¬ 
imum  temperature  rise  was  547  F  in  the  reference  panel.  Paint  blistering  may  have  acted  as  an 
insulation  barrier  and  have  effectively  reduced  the  peak  temperature  rise.  The  application  of 
paint  under  field  conditions  probably  caused  the  failure  of  the  paint  in  this  and  other  test  panels. 
Even  though  the  paint  blistered,  much  valuable  information  concerning  plastic  deformation  at 
elevated  temperatures  and  thermal  strains  was  derived  from  the  test.  The  thermal  responses 
obtained  were  of  such  magnitudes  that  large  areas  of  thin-skinned  control  surface  were  buckled 
without  advei'se  effect  on  control  or  stability  of  the  aircraft,  either  in  flight  or  under  landing 
conditions. 

5.2.2  Visible  Effects.  Together  with  the  elevator  Iwckling  shown  in  Figure  4.8,  another  vis- 
ible  thermal  effect  was  observed  in  the  postshot  examination  of  the  aircraft  after  Shot  Dakota. 
This  effect  was  a  hole  of  dimensions  roughly  1  by  1 '  2  inches  burned  in  the  outboard  seal  of  the 
elevator. 

In  several  other  shots,  the  pilot  observed  that  engine  fire  warning  lights  came  on  at  time 
zero,  but  went  off  after  a  few  seconds.  This  effect  was  undoubtedly  caused  by  direct  radiant 
exposure  of  the  fire  warning  sensor  and  not  by  engine  malfunction. 

5.2.3  Thermal  Strain.  Maximum  elevator-stress-producing  strains  were  obtained  on  the 
lower  skin  surface.  Peak  values  of  760  pin/ in  tension  for  Shot  Cherokee  and  2,200  pin/in  com¬ 
pression  for  Shot  Zuni  were  indicated  in  the  summaries  of  stress-producing  strain.  Tables  4.5, 
4.6,  and  4.7.  The  yield  stress  for  24S-T3  clad  aluminum  was  37,000  psi  indicating  the  value  of 
yield  strain  to  be  about  3,500  pin/in.  Comparison  of  these  values  clearly  shows  that  destruc¬ 
tive  permanent  set  was  not  attained  on  Shots  Cherokee  or  Zuni  on  the  left  elevator. 

Figure  4.8  showed  that  significant  permanent  set  occurred  on  Shot  Dakota,  as  evidenced  by 
the  relatively  large  residual  buckles.  Correlation  of  skin  strain  to  temperature  rise,  in  order 
to  obtain  the  condition  at  which  permanent  set  first  occurs,  was  not  possible  because  of  the  de¬ 
struction  of  strain  gages  mounted  on  surfaces  receiving  high  temperature  rises.  In  order  to 
obtain  some  related  information,  the  temperature  rise  of  the  lower  skin  must  be  compared  to 
strain  data  of  another  surface  instrumented.  This  comparison  might  be  made  on  the  upper  skin 
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of  the  elevator  but  the  single  rosette  mounted  there  showed  small  reactions,  as  indicated  in 
Table  5.1.  Therefore,  the  only  possible  strain  available  for  such  correlation  lies  on  the  pri¬ 
mary  structure. 

The  maximum  listed  stress-producing  strain  for  primary  structures.  Tables  4.5  and  4.6, 
was  1,660  pln/in  tension.  Since  the  tensile  yield  stress  for  24S-T3  clad  aluminum  alloys  was 
37,000  psi  (with  a  value  of  strain  of  approximately  3,500  pin/in)  the  data  indicated  that  at  no 
time  did  either  the  ribs  or  the  front  spar  go  into  significant  permanent  set. 

Although  the  lower  skin  gages  were  burned  off  on  high  input  shots,  the  gages  mounted  on  the 
primary  structure  reacted  for  all  tests  considered.  Thus,  it  is  evident  that  gages  mounted  on 
internal  primary  structures  are  operative  past  the  point  where  gages  fail  on  the  secondary  sur¬ 
face,  the  lower  skin.  Aiso,  from  data  presented  in  Figures  4.7  and  5.5  and  discussion  relating 
thereto,  it  is  evident  that  the  lower  skin  will  go  into  significant  permanent  set,  fail,  or  be  com¬ 
pletely  destroyed  before  failure  will  occur  in  the  primary  structures. 

The  stress-producing  strain  values  of  the  left  elevator  ribs  were  related  to  the  maximum 
temperature  rise  of  the  lower  skin  surface.  The  strain  values  considered  were  for  gages 

TABLE  5.1  SUMkURV  OF  PEAK  LEFT  ELEVATOR 

STRAINS, UPPER- SKIN-MOUNTED  ROSETTE 
(MAXIMUM  ARM) 


■»  equals  tension.  -  equals  compression. 


Shot 

Strain 

■^Tmax 

pin/in 

F 

Cherokee 

■»  HO 

75 

Zuni 

■<  IHO 

346 

Dakota 

+  155 

547 

Apache 

-120 

250 

N  avajo 

-  10!t 

210 

mounted  on  the  tower  rib  cap,  the  center  of  the  rib  oriented  paraiiel  to  the  lower  cap,  and  the 
upper  rib  cap.  The  maximum  strain  vatues  attained  on  each  point  were  related  to  maximum 
iower  skin  temperature  rise  and  pre.sented  in  Figure  4.7.  In  order  to  present  a  time  correlation 
of  rib  reactions  to  the  maximum  lower  skin  temperature  rise  (all  at  the  same  time).  Figure  5.5 
was  developed.  This  figure  aiso  provides  a  visual  presentation  of  the  variation  of  rib  Strain  re¬ 
lated  to  gage  distance  from  the  lower  skin.  Both  Figures  4.7  and  5.5  indicate  the  existence  of  a 
strain  transition  zone  between  maximum  temperature  rise  values  of  350  F  and  450  F.  Also  in¬ 
dicated  is  a  consistent  difference  in  strain  reactions  between  similar  locations  on  the  inboard 
and  outboard  ribs. 

Since  the  tensiie-stress-producing  strains  indicated  for  the  ribs  were  due  primarily  to  the 
difference  in  the  expansion  rates  of  the  lower  skin  and  rib  proper,  then  any  relief  of  the  expan¬ 
sion  of  the  lower  skin  would  result  in  a  decrease  of  the  rib  strains.  The  most  obvious  relief  of 
the  lower  skin  expansion  would  be  yield  or  significant  permanent  set  (large  buckled  area)  of  the 
material.  Thus,  the  transition  zone  is  an  indication  of  this  effect  on  the  lower  skin  structure. 
Further  evidence  of  this  transition  zone  is  indicated  from  the  observed  visual  effects  on  Shot 
Zuni.  Local  buckling  in  the  lower  skin  was  observed  after  this  shot  with  a  maximum  tempera¬ 
ture  rise  of  346  F.  This  also  indicates  yield  point  in  the  vicinity  of  350  F  or  greater. 

Because  of  the  existence  of  lightening  holes  in  the  outboard  rib  of  the  left  elevator,  the  mass 
is  less  than  that  of  the  Inboard  rib.  Because  of  this  mass  difference,  the  temperature  rise  for 
the  outboard  rib  is  always  larger  and  more  rapid  than  for  similar  points  on  the  inboard  rib. 
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This  causes  the  outboard  rib  to  exhibit  temperature  reactions  more  similar  to  the  lower  skin 
surface  than  does  the  inboard  rib;  thus,  the  stress-producing  strains  in  the  inboard  rib  are  al¬ 
ways  greater  for  similar  points  when  compared  to  the  outboard  rib  as  shown  in  Figures  4.7  and 


5.5. 


5.3  GUST  INPUTS 

As  shown  in  Table  4.8,  peak  overpressures  measured  on  the  aircraft  fuselage  ranged  from 
0.25  to  0.80  psi.  The  correlation  of  measured  and  final  postshot  predicted  overpressures  is 
shown  in  Figure  5.6.  The  predicted  values  were  based  on  final  measured  yield  and  aircraft  po¬ 
sition.  Data  from  all  shots  indicated  that  the  theoretical  method  of  predicting  overpressure  was 
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accurate  to  within  approximately  10  percent.  The  data  shown  in  Figure  5.6  were  measured  at  a 
point  tangential  to  the  direction  of  shock  propagation  to  eliminate  as  much  as  possible  the  effect 
of  dynamic  pressure  and  air-flow  disturbances.  A  comparison  of  the  pressure  measured  tan¬ 
gential  to  the  impinging  shock  front  and  pressure  measured  on  the  bottom  fuselage  is  shown  in 
Figure  5.7  to  illustrate  the  effect  of  dynamic  pressure. 

Peak  values  of  recorded  overpressures  were  determined  by  extrapolation  of  a  relatively  flat 
portion  of  the  time -history  plot  back  to  time  of  shock  arrival  (Tsa)-  The  portion  used  for  extra¬ 
polation  generally  appears  after  the  decay  of  initial  high  frequency  disturbances  caused  by  shock. 


In  the  case  where  disturbances  last  for  more  than  0.4  second,  an  average  is  taken  through  the 
disturbances  and  extrapolated  to  time  of  shock  arrival. 


5.4  GUST  LOAD  EFFECTS 


5.4.1  Aircraft  Disposition.  The  effective  change  in  angle  of  attack,  because  of  gust  velocity 
behind  the  shock  wave,  was  evaluated  by  two  different  techniques:  (1)  direct  measurement  of 
wind  vector  relative  to  an  aircraft  datum  using  a  Specialties  Incorporated  Model  L-30  angle-of- 
attack  indicator,  and  (2)  measurement  of  shock  wave  propagation  time  along  the  line  of  flight. 

Shock  wave  propagation  times  were  used  primarily  to  evaluate  shock  wave  angle  of  incidence; 
however,  if  the  gust  vector  was  assumed  coincident  with  the  shock  front  vector,  it  was  possible 
to  evaluate  change  in  angle  of  attack.  The  relationship  between  gust  angle  of  incidence  and  pro¬ 
pagation  time  is: 


Vs 
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Where:  y 

d 

Va 

Vs 


angle  of  incidence  to  horizontal  plane 
propagation  time  over  a  distance  d 
distance  between  measured  points 
aircraft  velocity 
shock  front  velocity 


The  above  relationship  applies  only  for  symmetrical  loading  (shock  front  vector  and  aircraft  lie 
in  the  same  vertical  plane). 

The  Rankine-Hugoniot  expressions  were  used  to  compute  the  magnitude  of  the  gust  while  the 
direction  of  the  gust  was  assumed  identical  with  the  direction  of  the  shock  vector.  The  change 
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Figure  5.7  Comparison  of  differential  pressures  taken  at 
points  tangential  and  normal  to  the  impinging  shock  front. 


in  angle  of  attack  was  then  computed  by  adding  vectorially  the  aircraft  and  gust  velocities. 

Peak  values  of  differential  angle  of  attack  derived  from  the  two  methods,  together  with  gust 
velocity  and  angle  of  incidence  appear  in  Table  5.2.  The  angle  of  attack  calculated  by  Method  2 
above  is  an  Instantaneous  change  occurring  at  time  of  shock  arrival,  while  the  value  of  Method  1 
above  was  taken  at  the  time  of  maximum  measured  differential  angle  of  attack  (maximum  oc¬ 
curred  at  0.1  to  0.2  second).  Although  the  results  of  both  methods  are  referred  to  as  angle  of 
attack,  the  values  will  differ  for  the  following  reasons: 

1.  The  measured  change  in  angle  of  attack  was  taken  relative  to  an  aircraft  datum.  Pitching 
of  the  aircraft  into  the  relative  wind  was  evident  in  all  events.  Therefore,  the  amount  of  pitch 
during  the  time  lapse  from  time  of  shock  arrival  to  time  of  shock  arrival  plus  0.1  to  0.2  second 
would  result  In  a  measured  angle  of  attack,  by  Method  1,  of  lower  value  than  would  be  expected 
from  the  results  of  Method  2. 
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2.  The  calculated  change  in  angle  of  attack  uses  in  its  derivation  a  value  of  material  velocity 
which  was  developed  using  the  value  of  measured  overpressure  extrapolated  to  Tga-  The  extra¬ 
polated  value  of  overpressure  would  be  higher  than  that  existing  at  the  time  of  maximum  meas¬ 
ured  angle  of  attack;  therefore,  the  calculation  would  yield  values  of  angle  of  attack  larger  than 
measured. 

5.4.2  Structural  Response.  In  order  to  establish  primary  aircraft  capabilities,  the  structural 
reactions  of  the  wing  due  to  gust  effects  were  measured  and  compared  to  predicted  reactions, 
based  on  existing  theories  using  final  yield  and  aircraft  position.  Comparisons  of  wing  bending 
at  Wing  Stations  615.0  and  493.0  showing  the  correlation  between  measured  and  predicted  values, 
are  given  in  Figures  5.8  and  5.9.  The  coordinates  are  the  incremental  wing-bending  increases 
from  the  1.0  g  flight  conditions.  The  comparisons  for  Wing  Station  615.0  show  theory  to  be  un- 

TABLE  5.2  CALCL'LATEU  GIST  INPUTS  AND  ATTITUDES 


Shot 

Differentia) 
Angle  of  Attack  * 

Differential 
Angle  of  Attack  + 

Angle  of  Shock 
Wave  Incidence 

Estimated 
Gust  Velocity 

deg 

deg 

deg 

ft/sec 

Zuni 

1.55 

2.67 

31.52 

63.0 

Flathead 

1.H2 

52.62 

56.1 

Dakota 

4.0U 

6.17 

45.78 

96.8 

Mohawk 

— 

— 

— 

49.4 

Apache 

1.45 

2.00 

28.25 

51.9 

Navajo 

2.60 

3.70 

35.47 

80.2 

Tewa 

2.fi0 

•1.65 

34.53 

99.0 

Huron 

— 

— 

37.2 

•  Direct  measuremem  of  wind  vec'or  relative  to  an  aircraft  datum  added. 
+  Calculated  by  vector  addition  ot  aircraft  and  gust  velocities. 


conservative  by  about  20  percent.  Conversely,  the  comiwrisons  for  Wing  Station  493.0  show  at 
least  a  40  percent  conservative  trend. 

A  plot  ot  percent  limit  bending  moment  at  Wing  Station  615.0  versus  percent  limit  bending 
moment  at  Wing  Station  493.0  (Figure  5.10)  indicates  that  in  all  but  two  events.  Shots  Huron  and 
Dakota,  Wing  Station  615.0  appeared  to  be  more  nearly  critical. 

The  correlation  of  data  at  Wing  Station  144.0  with  preliminary  postshot  predictions  indicated 
approximateiy  a  30  percent  conservative  trend  in  measured  bending  moment. 

5.4.3  Visible  Damage.  Postshot  inspection  of  the  aircraft  consisted  of  a  close  examination 
of  all  structural  elements  and  aircraft  components  (radome,  fairing,  etc. )  which  would  be  sub¬ 
ject  to  blast  damage.  Visible  effects  of  blast  damage  were  in  evidence  only  after  Shots  Dakota 
and  Tewa. 

Damage  to  the  aircraft  from  Shot  Dakota  was  limited  primarily  to  the  doors  of  the  forward 
wheel  well  and  bomb  bay.  A  photograpn  of  damage  to  the  left  boirb-bay  door  is  shown  in  Figure 
5.11.  A  similar  buckle  pattern  was  in  evidence  on  the  right  bomb-bay  door.  The  damaged  sec¬ 
tion  included  the  rear  two  rib  sections  having  0,040-inch  magnesium  skin  (QQ  heat  treat).  The 
stops  for  the  rear  bomb-bay  doors  were  completely  ruptured;  they  were  reinforced  when  re¬ 
placed.  The  rupturing  of  the  door  stops  probably  contributed  to  the  doors’  buckling.  Repair 
of  damage  was  considered  unnecessary,  and  the  remaining  missions  were  flown  with  the  ori¬ 
ginal  doors.  Fire-extinguisher  knockouts  on  all  engines  were  dislodged. 

Bomb-bay  and  forward-wheel-well  doors  showed  slight  effects  of  gust  damage  after  Shot  Tewa. 
Paint  was  spalled  off  rivets  and  serrated  along  the  peaks  and  valleys  of  the  major  buckles  caused 
by  Shot  Dakota. 
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Figure  5.8  Predicted  versus  measured  bending  moment 
at  Right  Wing  Station  615.0. 


Vo  Limit  Bending  Moment, Right  Wing  Sto.  615.0 

Figure  5.10  Comparison  of  the  percent  limit  bending 
moments  of  Wing  Stations  615.0  and  493.0. 


Figure  5.11  Gust  damage  evident  in  the  bomb-bay  area 
after  Shot  Dakota. 
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5.4.4  Engine  Response.  Initially  it  was  expected  that  gust  effects  on  the  J-47-25  engine 
would  result  in  increased  tail-pipe  temperature  (TPT)  to  the  point  where  an  engine  change  would 
be  necessary  because  of  annealing  and  rupture  of  th'^  tail-pipe  complex.  The  cause  of  the  tem¬ 
perature  rise  was  a  point  of  theoretical  consideration,  but  most  plausible  causes  were  believed 
to  be;  (1)  increase  in  TPT  because  of  overpressure  and  unchoking  of  exhaust  nozzle;  and  (2) 
change  in  inlet  angle  of  attack  because  of  gust,  coupled  with  an  increase  in  overpressure. 

Unchoking  of  the  exhaust  nozzle  resulted  in  a  change  of  flow  in  the  nozzle  from  supersonic  to 
subsonic.  This  change  in  operating  condition  would  cause  some  increase  in  temperature,  but  it 
was  found  in  the  Operation  Redwing  data  that  the  change  was  negligible. 

A  change  in  compressor-inlet  angle  of  attack  and  pressure  could  conceivably  cause  an  increase 
in  TPT,  but  the  more  significant  and  direct  effect  would  be  compressor  stall.  Compressor  stall 
is  caused  in  the  J-47-25  engine  by  the  fuel  regulator,  which  senses  compressor -inlet  pressure; 
for  an  increase  in  pressure,  the  regulator  causes  more  fuel  to  be  released  into  the  combustion 
chamber.  Under  gust  conditions  associated  with  a  tail-on  attitude  of  the  aircraft,  the  angle  of 
attack  is  increased  and  air  fiow  is  reduced.  Thus,  with  more  fuel  and  less  air,  the  equivalent 
ratio  decreases  and  frame  temperatures  increase.  However,  this  type  of  compressor  stall  has 
been  e)q>erienced  under  several  types  of  operating  conditions  of  the  B-47E,  and  it  is  not  probable 
that  TPT  would  ever  approach  the  limit  of  1,850  F  as  a  result  of  the  gust  effects  from  nuclear 
detonations. 

Data  obtained  during  Operation  Redwing  have  demonstrated  that  limiting  structural  consider¬ 
ations  preclude  the  probability  of  adverse  engine  effects  of  the  J-47-25  on  a  B-47E  aircraft.  The 
0.80  psi  overpressure  from  Shot  Dakota,  associated  with  a  peak  gust  velocity  of  06.8  ft/sec  at 
45.8  degrees,  caused  a  change  of  4.0  degrees  in  the  angle  of  attack.  No  adverse  engine  effects 
were  noted;  in  fact,  measured  changes  in  engine  parameters  were  significantly  negligible.  How¬ 
ever,  the  bending  moment  at  the  critical  wing  station  reached  a  peak  of  89  percent  of  limit,  and 
considerable  blast  damage  was  evidenced.  Under  operating  conditions  of  the  B-47E  similar  to 
those  during  Operation  Redwing,  it  is  not  expected  that  the  aircraft  could  be  positioned  to  exper¬ 
ience  adverse  engine  effects  without  exceeding  the  structural  limits  of  the  aircraft. 
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Chapter  6 

CONCLUSIONS  and  RECOMMENDATIONS 

From  the  final  data  gathered  by  this  project,  the  following  conclusions  and  recommendations  are 
made; 


6.1  CONCLUSIONS 

1.  The  participation  of  the  B*47E  aircraft  in  Operation  Redwing  provided  sufficient  structural- 
effects  data  to  verify  or  correct  the  B-47E  Weapo.ns  Delivery  Handbook. 

2.  Predicted  skin-temperature  rises  were  higher  than  those  measured.  However,  the  ther¬ 
mal  responses  were  sufficient  to  ouckle  large  areas  of  thin-skinned  control  surfaces.  These 
buckles  did  not  produce  any  adverse  effects  on  the  control  or  stability  of  the  aircraft. 

3.  The  thin-skinned  lower  elevator  panel  on  the  B-47E  aircraft  will  yield  when  subjected  to 
temperature  rises  in  the  range  of  350  to  450  F.  However,  this  set  will  occur  before  failure  in 
any  primary  structure. 

4.  White  paint  on  the  radome  surface  reduced  the  temperature  rise  to  less  than  SO  percent  of 
that  existing  in  the  unpalnted  areas. 

5.  The  most  critical  of  the  tested  wing  stations  was  Station  615.0,  with  Station  493.0  being 
almost  as  critical.  Gust  response  predictions  at  Station  615.0  were  approximately  20  percent 
unconservative.  Predictions  at  Wing  Station  493.0  were  approximately  40  percent  conservative, 
and  those  at  Wing  Station  144.0  were  approximately  30  percent  conservative. 

6.  Under  the  conditions  encountered  during  Operation  Redwing  the  B-47  engines  operated 
satisfactorily,  and  there  were  no  indications  that  engine  limitations  could  be  approached  without 
exceeding  other  structural  limitations. 

7.  Predictions  of  radiant  ej^oBure  were  conservative  with  respect  to  actual  measurements 
obtained.  With  respect  to  these  measurements,  correlation  of  mtegrated  radiometer  readings 
and  those  obtained  from  calorimeters  was  good. 

6.2  RECOMMENDATIONS 

1.  It  is  recommended  that  the  B-47E  not  participate  in  any  future  nuclear  tests  for  the  pur¬ 
poses  of  determining  its  weapon  delivery  capabilities.  It  is  further  recommended  that  the  data 
gathered  by  this  project  be  used  to  substantiate  the  B-47E  Weapons  Delivery  Handbook. 

2.  It  is  also  recommended  that  the  data  gathered  by  this  project  be  used  to  verify  and/or 
correct  existing  prediction  techniques. 
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Appendix  A 

TRANSDUCER  DATA 


The  following  instruments  were  used  to  record  all  data: 
(1)  oscillographs!  (2)  magnetic  tape,  (3)  cameras!  and 
(4)  voice  tape  recorder. 
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TABLE  A.l  SUMMARY  OF  TRANSDUCERS 


Letters  in  parentheses  indicate  type  of  equipment  used  to  record  data;  (A),  oscillographs,  (B),  magnetic 
tape,  and  (C),  cameras. _ _ _ _ _ 


Transducers 


Location 


Recorded 

Channels 


Range 


1.  Strain  gage  bridges  for  gust  loads 


Bending  Moment 

Shear 

Torsion 

Bending  Moment 

Shear 

Torsion 

Bending  Moment 
Shear 

Bending  Moment 
Shear 

Bending  Moment 
Shear 

Bending  Moment 
Shear 

Bending  Moment 
Shear 

2.  Strain  gage  bridges  for  thermal  loads 

Strain  Rosette 
Strain  Gage 
Strain  Rosette 
Strain  Gage 
Strain  Rosette 

3.  Temperature 

Thermocouple 

Thermocouple 

Thermocouple 

Thermocouple 

Thermocouple 

Convection  Calorimeter,  uncovered 

Convection  Calorimeter,  covered 
Convection  Calorimeter,  uncovered 
Convection  Calorimeter,  covered 
Thermocouple  -  Radome 
Thermocouple  -  Bomb  Bay 
Thermocouple  -  Bomb-Bay  Door 

Thermocouple  -  Bomb-Bay  Door 
Thermocouple  -  Central  Recording 
Assembly 

Thermocouple  -  Optlgraph  Mount 
Thermocouple  -  Aileron 
Thermocouple  -  Aileron 
Thermocouple  -  Engine  No.  6 

4.  Thermal  Radiation 

(Calorimeters  and  Radiometers) 

Ground  Zero 
True  Vertical 
Left  Stabilizer 


L.W.  Sta.  144.0 

4  (A) 

— 

L.  W.  Sta.  144.0 

7  (A) 

— 

L.W.  Sta.  144.0 

2  (A) 

— 

L.W.  Sta.  493.0 

4  (A) 

— 

L.  W.  Sta.  493.0 

7  (A) 

— 

L.  W.  Sta.  493.0 

2  (A) 

— 

R.W.  Sta.  615.0 

4  (A) 

— 

R.W.  Sta.  615.0 

4  (A) 

— 

L.S.  Sta.  22.0 

7  (A) 

— 

L.S.  Sta.  22.0 

12  (A) 

— 

R.S.  Sta.  22.0 

6  (A) 

— 

R.S.  Sta.  22.0 

9  (A) 

— 

Fus.  Sta.  800.0 

8  (A) 

— 

Fus.  Sta.  800.0 

6  (A) 

— 

Fus.  Sta.  1044.0 

10  (A) 

— 

Fus.  Sta.  1044.0 

7  (A) 

— 

L.E.  Sta.  148.0 

30  (A) 

— 

L.  E.  Sta.  148.0 

6(A) 

— 

R.E.  Sta.  148.0 

24  (A) 

— 

R.E.  Sta.  148.0 

4  (A) 

— 

Fus.  Sta.  1330.0 

6(A) 

— 

L.E.  Sta.  148.0 

15  (A) 

-326  to  700  deg  F 

R.E.  Sta.  148.0 

12  (A) 

-326  to  700  deg  F 

R.S.  Sta.  192.0 

5(A) 

-326  to  700  deg  F 

R.S.  Sta.  168.0 

1  (A) 

-326  to  700  deg  F 

Fus.  Sta.  1330.0 

5(A) 

-  326  to  700  deg  F 

L.S.  Sta.  192.0 

3(A) 

-326  to  700  deg  F 

L.S.  Sta.  192.0 

3  (A) 

-326  to  700  deg  F 

R.  W.  TE  Sta.  476.0 

1  (A) 

-326  to  700  deg  F 

R.W.  TE  Sta.  476.0 

1  (A) 

-326  to  700  deg  F 

Fus.  Sta.  202.0 

6  (A) 

-326  to  700  deg  F 

Fus.  Sta.  515.0 

2(A) 

-326  to  700  deg  F 

Fus.  Sta.  488.0 

3(A) 

-326  to  700  deg  F 

Fus.  Sta.  599.0 

3  (A) 

-326  to  700  deg  F 

Fus.  Sta.  515.0 

2(A) 

-326  to  700  deg  F 

Fus.  Sta.  446.0 

1  (A) 

-326  to  700  deg  F 

H.  W.  TE  Sta.  476.0 

3(A) 

-326  to  700  deg  F 

R.W'.  TE  Sta.  767.0 

3(A) 

-326  to  700  deg  F 

R.W.  Sta.  554.0 

1(A) 

0  to  2,500  deg  F 

1  (A) 

-326  to  700  deg  F 

Fus.  Sta.  1330.0 

18  (A) 

— 

Fus.  Sta.  1227.0 

3(A) 

— 

L.S.  Sta.  156.0 

1(A) 
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TABLE  A.l  CONTINUED 


Letters  in  parentheses  indicate  type  o(  equipment  used  to  record  data:  (A),  oscillographs,  (B),  magnetic 
tape,  and  (C),  cameras. _ 


Transducers 

Location 

Recorded 

Channels 

Range 

Radome 

Fus. 

Sta. 

202.0 

2  (A) 

_ 

Forward  Scatter 

Fus. 

Sta. 

118.0 

4  (B) 

— 

Forward  Scatter 

Fus. 

Sta. 

446.0 

2  (B) 

— 

Back  Scatter 

Fus. 

Sta, 

1330.0 

1  (A) 

— 

5.  Pressure 

Overpressure 

Fus. 

Sta. 

292.0 

1  (A) 

P-131,  ±  2.5  psid* 

Overpressure 

Fus. 

Sta. 

1227.0 

4  (A) 

P-131,  i  2.5  psid' 

Ram  Monitor 

Fus. 

Sta. 

240.0 

1  (A) 

P-68.  0  to  30  psia 

Static  Monitor 

Fus. 

Sta. 

320.0 

1  (A) 

P-68,  0  to  10  psia 

Engine  Compressor  Inlet 

R.W. 

Sta. 

554.0 

2  (A) 

P-69,  0  to  3  psid  • 

1  (A) 

P-69,  0  to  1  psid* 

Engine  Compressor  Discharge 

R.  W. 

Sta. 

554.0 

1  (A) 

P-96,  ±  20  psid' 

Tailpipe 

R.W. 

Sta. 

554.0 

1  (A) 

P-68,  0  to  30  psia 

Small  Slot  Fuel  System 

R.W. 

Sta. 

554.0 

1  (A) 

P-122,  0  to  500  psia 

6.  Angle  of  Attack 

Differential  Pressure 

L.S. 

Sta. 

192.0 

1  (A) 

P-69.  *  1  psid' 

Air  Stream  Direction  Detector 

V.  F. 

Sta. 

332.0 

1  (A) 

Model  L-30,  ±  15  deg 

7.  Linear  Acceleration 

Verticai 

Fus. 

Sta. 

570.0 

1  (A) 

No.  24118,  3:  5.0  g 

Laterai 

Fus. 

Sta. 

573.0 

1  (A) 

No.  24118,  ±  1.0  g 

Longitudinal 

Fus. 

Sta. 

573.0 

1  (A) 

No.  24118,  ±  2.5  g 

3.  Angular  Acceleration 

Angular  Accelerometer 

Fus. 

Sta. 

560.0 

1  (A) 

AA17B,  *  3  rad/sec* 

9.  Rate  of  Pitch 

Rate  Gyro 

Fus. 

Sta. 

573.0 

1  (A) 

RG-01-0200,  0  to  10  deg/sec 

10,  Position  Indicators 

Rudder 

Fus. 

Sta. 

1194.0 

1  (A) 

No.  85175A,  3  20  deg 

Elevator 

Fus. 

Sta. 

1180.0 

1  (4) 

No.  85175A,  +25 -15  deg 

Aileron 

L.  W. 

TE 

Sta.  461.0 

1  (A) 

No.  85175A,  3  18  deg 

11.  Deflection  Indicators 

Push-Pull  Pot 

L.  E. 

Sta. 

1 18.0 

2  (A) 

3  0.5  in 

12.  Cameras 

Ground  Zero 

Fus. 

Sta. 

1330.0 

6  (C) 

N-9,  16  mm 

True  Vertical 

Fus. 

Sta. 

1237.0 

2  (C) 

N-9,  16  mm 

Wing  Deflection 

Fus. 

Sta. 

446.0 

2  (C) 

Beattie,  35  mm 

Wing  Deflection 

Fus. 

sta. 

446.0 

1  (C) 

N-9,  16  mm 

Empennage  Deflection 

Fus. 

Sta. 

446.0 

1  (C) 

N-9,  16  mm 

Stabilizer  Deflection 

Fus. 

Sta. 

1146.0 

1  (C) 

N-9,  16  mm 

Elevator  Ripple 

Fus. 

Sta. 

1248.0 

2  (C) 

N-9,  16  mm 

Navigator's  Panei 

Fus. 

Sta. 

135.0 

1  (C) 

A-4,  35  mm 

Frame  Correlation 

Fus. 

Sta. 

759.0 

1  (C) 

Bl-A,  16  mm 

Forward  Scatter 

Fus. 

Sta. 

118.0 

1  (C) 

N-9,  16  mm 

Cloud  Cover 

Fus. 

Sta. 

275.0 

1  (C) 

N-9,  16  mm 

•Mapping 

Fus. 

Sta. 

1063.0 

1  (C) 

K-17 

•  Pounds  per  square  inch,  differential. 
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Appendix  B 

INPUT  and  RESPONSE  THEORY 


Outlines  of  methods  used  to  predict  thermal  and  blast 
effects  of  nuclear  weapons  and  aircraft  response  to 
these  inputs  are  presented  in  this  appendix. 

References  are  given  for  each  analysis  presented. 
Symbols  used  in  each  section  correspond  with  the  sym¬ 
bols  used  in  the  reference  from  which  the  analysis  was 
taken. 


AP),  =  overpressure  at  any  point,  psi 
P),  -  ambient  pressure  at  any  point,  psi 

a  =  a(Qh) 

Where  =  APb/Ph 


B.l  OVERPRESSURE  AND  MATERIAL  VELOCITY 
PREDICTION 

Empirical  expressions  have  been  developed  for 
predicting  overpressure  at  a  point  in  space  due  to  a 
nuclear  burst. 


^Psl 


4,140 


for  APgi 


>  2  psi 


31.3 

‘^Psl  '  fof  AP.)  <  2  pSi 

X«  log,,  X- 0.880 

X  =  R/WV^ 

R  =  range  to  point  of  interest,  ft 
W'  =  weapon  yield,  pounds 
APgi  ==  sea  level  overpressure,  psi 


Tables  of  o  as  a  function  of  Q),  may  be  found  in 
Reference  17. 

The  equation  is  plotted  for  the  regimes  of  interest 
in  Appendix  B,  WADC-TN-5S-175. 

Knowing  AP  at  the  point  under  consideration  and 
the  ambient  pressure  at  this  point  the  material  velocity 
behind  the  shock  may  be  found  using  tables  of  Rankine- 
Hugoniot  relationships.  For  this  purpose  the  pressure 
ratio  across  the  shock  may  be  written: 


P,  =  ambient  pressure  behind  shock,  psi 
P,  =  ambient  pressure  before  shock,  psi 
AP  =  overpressure  =  P,  -  P, ,  psi 

Appendix  B  of  W  ADC'TN-55-175  may  be  consulted 
for  this  complete  analysis  and  for  charts  of  these  equa¬ 
tions. 


Relating  this  to  an  arbitrary  burst  altitude  in  a 
homogeneous  atmosphere 

^Pb  ^  Pb 

AP,,  -  overpressure  at  burst  altitude,  psi 
P,,  -  ambient  pressure  at  burst  altitude,  psi 
Pg]  =  ambient  pressure  at  sea  level,  psi 

Defining  overpressure  at  any  point  in  a  homogene¬ 
ous  atmosphere  and  adding  an  exponential  correction, 
a,  relating  overpressures  at  any  point  in  a  homoge¬ 
neous  atmosphere  to  the  overpressures  at  any  point 
in  a  stratified  atmosphere. 


B.2  THERMAL  ENERGY  RECEIVED 

For  a  spherical,  isotropic  source  with  no  atmos¬ 
pheric  attenuation  the  caloric  input  impinging  normally 
to  a  surface 


Q  = 


3.77  X  lO' 


W*-** 

d» 


,  cal /cm* 


W  =  weapon  yield,  kt 

d  =  distance  from  burst  center,  ft 

For  a  hemispherical  non-isotropic  source  with  no 
atmospheric  attenuation  ,  .j  caloric  input  impinging 
normally  to  a  surface 


On  = 


3.77  X  10*  (W)"-** 
d* 


(ta/to) 


(ths/*«)  [/(h,  W)cos(*/j  9)J  , '  cal/cm* 
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ta/to  =  average  power-weighted  fraction  of  time 
spent  by  fireball  as  sphere 

ths/to  "  average  power-weighted  fraction  of  time 
spent  by  fireball  as  hemisphere 

/(h,  W)  =  function  describing  energy  emitting 

behavior  of  fireball  during  time  it  is  a 
hemisphere 

0  =  angle  enclosed  by  vertical  line  drawn 

through  burst  center  and  effective  slant 
line  of  interest,  deg 

cos(Vj8)  =  factor  expressing  geometric  consideration 
for  non-isotropy  of  hemispherical  fireball 

Values  of  ta/tj  and  tj^g  to  are  established  using  a 
scaled  burst  height,  h/wl^’,  where  h  =  actual  height 
of  burst. 

Finally,  including  effects  of  special  orientation  of 
the  receiver,  atmospheric  attenuation,  albedo,  etc.  , 
the  expression  for  total  thermal  energy  impinging  nor¬ 
mal  to  a  horizontal  surface  may  be  written, 

Qrec  "  Qn[Fv(Tv^°*'' 

+  f'IJ^(Tl,T;^.cosw  t  T(,  T^.  (j  vlj  cal /em^ 

primed  terms  are  for  reflected  radiation 
unprimed  terms  are  for  direct  radiation 

Ty  -  fractional  transmission  due  to  scattering 
in  visible  range 

Fy  -  fraction  of  thermal  energy  in  visible  region 

p  =  surface  albedo 

y  -  ratio  of  reflected  to  direct  energy 

F|(^  =  fraction  of  thermal  energy  in  infrared  region 

T(,  =  fractional  transmission  due  to  scattering  in 

haze  layer  for  entire  spectrum 

Tjy  =  fractional  transmission  oue  to  water  vapor 
absorption  in  infrared  range 

=  function  of  weapon  yield  (  '  I  for  w<  500  kt) 

A  much  more  detailed  presentation  of  the  analysis 
outlined  above  is  included  in  WADC-TN-55-172,  while 
a  nomographic  presentation  for  rapid  calculation  is  the 
major  portion  of  \tADC-TN-55-172.  The  method  of 
analysis  was  originally  developed  in  AFCRC-TN-54-25. 

B.3  RESPONSE  TO  BLAST  LOADING 

For  a  detailed  discussion  of  the  dynamic  analysis 
used  for  the  wing  and  horizontal  stabilizer  response  to 
blast  loading  WADC-TN-55-175  and  WADC-TR-53-176 
must  be  consulted. 


An  outline  of  the  analysis  including  calculation  sim¬ 
plifications  through  the  use  of  nomographs  is  presented 
here. 

The  incremental  dynamic  gust  load  factor,  ^ngg.  ’ 
is  the  parameter  used  to  establish  limit  allowable  gust 
load  envelopes. 


(D.  M. ) 


(D.  M. )  Any 

=  Dynamic  Magnification  Factor 

=  incremental  rigid-body  gust  load  factor. 
This  factor  is  a  function  of  the  weapon 
input  and  initial  aircraft  orientation. 


An,.  =  Pi/(J|)  V  1  +  2(W"/U)C0S(f>  1  + 


V\"  sin  (0  +  0(1 
E  Qj 


p,  =  peak  density  following  shock  wave,  slugs/ft* 

Po  =  ambient  density,  slugs/ft* 

W"  ^  peak  material  velocity  following  shock  wave, 
ft  sec 

Ofi  -  initial  angle  of  attack,  radian  (sin  Oj  a  Qj) 

U  =  airplane  initial  velocity,  ft/sec 

i  *  elevation  angle  from  burst  point  to  airplane 
in  symmetrical  plane,  radians 

Derivation  of  this  equation  is  found  on  pages  45  to 
47,  WADC-TR-53-176. 

The  Dynamic  Magnification  Factor  has  been  com¬ 
puted  by  means  of  the  dynamic  analysts  described  in 
detail  in  Appendix  II  of  W'ADC-TR-53-176.  It  is  a 
function  of  airplane  forward  speed,  U,  dimensionless 
duration  of  the  positive  phase  of  the  pressure  pulse, 
sg,  and  airplane  mass  parameter,  K. 


U  =  true  air  speed,  ft/sec 

tg  =  duration  of  the  positive  phase  of  the  pressure 
pulse,  seconds 

C  -  wing  MAC,  ft 

Actual  computation  of  Sg  is  accomplished  using 
Nomograph  3.1,  page  26,  W’ADC-TN-55-175. 


PC  (C/4)  s,y  (CLa)a 


S,y  -  wing  area,  ft' 

(CLa)a  *  airplane  lift  slope,  per  radian 
M  -  airplane  mass,  slugs 
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Computation  of  K  is  accomplished  using  Nomograph 
3.2,  pages  28  and  29,  WADC-TN-55-175. 

The  wing  Dynamic  Magnification  Factor  may  now  be 
found  using  Nomograph  3.3,  page  31,  WADC-TN-SS-175. 

A  (D.  M. )  is  computed  for  the  critical  section  of  a 
particular  wing,  therefore,  care  should  be  used  in  ex¬ 
trapolating  values  for  this  factor  to  other  wings. 

Calculation  of  the  horizontal  stabilizer  Dynamic 
Magnification  Factor  is  the  same  as  that  for  the  wing. 
The  parameter,  Sg,  is  redefined  using  tlie  horizontal 
stabilizer  semi-mean  aerodynamic  chord,  and  K  is 
assumed  equal  to  zero. 


R  =  ratio  of  temperature  rise  with  cooling  to 
temperature  rise  without  cooling 

Cp  =  specific  heat  of  the  metal,  Btu/lb-°F 

t  =  thickness  of  the  metal,  ft 

Qrgc  ^  thermal  energy  received,  fltu/ft* 

The  ratio  R  is  given  by  the  Department  of  Engineer¬ 
ing,  UCLA,  as  a  plot  of  R  versus  f  where 

he  T 

’’  "  pCpt  (3,600) 


B.4  THERMAL  RESPONSE 

Thermal  response  can  be  divided  into  two  phases: 
(1)  determining  the  temperature  rise  of  a  panel  with  a 
given  thermal  energy  input:  and  (2)  determining  the 
maximum  deflection  of  a  panel  with  a  given  tempera¬ 
ture  rise. 

A  semi-empirical  expression — 

V.  =  b/2 -^2.408  (/(a/b)Qg  AT] 

W  =  maximum  panel  deflection,  in 

/(a/b)  =  function  of  (aAi)  as  shown  in  Figure  2.1, 
page  U,  WADC-TN-55-175 

b  characteristic  dimension  of  panel  shown  on 
Figure  2.1 

AT  =  temperature  rise,  ^F 

tte  =  (  11.8  +  0.00256  (AT  +  2  T,  +  80'))  x  10"', 
per  'F 

To  =  ambient  temperature,  'F 

—  was  developed  in  Section  IV  of  WADC-TN-55-176 
and  is  presented  on  page  12  of  WADC-TN-55-175. 

Arbitrary  acceptable  damage  levels  may  be  chosen 
by  specifying  corresponding  maximum  deflections. 

The  allowable  temperature  rise  for  the  critical  panel 
is  then  specified. 

The  temperature  rise  is  given  by 

Qrec 
pCpt 

=  absorptivity  of  the  metal 
=  density  of  the  metal,  pcf 


AT 

a 

9 


T  =  time  to  peak  of  the  thermal  pulse 
T  V  Mt  second 

Mt  =  weapon  yield  in  megatons 
hg  =  convective  cooling  coefficient,  Btu/ft*-“F-hr 


he  = 

=  0.056 

jjO.5 

(uxr)°-® 

for 

laminar  flow 

(x)”-* 

he 

=  0.051 

Tj,0.3 

(Uxr)'’-* 

ft  7  • 

for 

turbulent  flow 

(X)“*^ 

Tf  = 

film  temperature. 

Ts 

+  Tv 

7  •p 

-7! -  ’  " 

Tg  =  surface  temperature 
T.y  =  ambient  temperature 

>  =  ambient  air  density,  pcf 

Ux  ■-  airfoil  local  velocity,  ft/sec 

X  -  distance  from  leading  edge,  ft 

hp  equations  developed  in  Appendix  A,  W ADC-TR-52-216 
Volume  1. 

The  above  calculation  has  been  set  up  in  nomographic 
form  in  Nomographs  2.1,  2.2,  2.3,  2.4,  pages  7  to  10, 
WADC-TN-55-175.  Entering  the  nomographs  with  true 
air  speed,  altitude  and  weapon  yield  AT /a  may  be  found 
for  a  specified  Qrec  Qrec  found  for  a  specified 

AT /a. 

All  of  the  above  except  the  convective  cooling  coeffi¬ 
cient  equations  are  presented  in  more  detail  in  Section  II 
of  WADC-TN-55-175. 
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73-  7b  Air  Force  latellifenoa  Center,  RQ.  USAF,  ACS/I 
(AFCIB-3n)  Mlttftco  29,  D.C. 

79  Director  of  Bcaeareh  and  DevelopBcnt,  DCS/D,  B2.  U8AF, 
Vaahinfton  29,  D.C.  ATIB:  Guidance  and  Vaapona  Div. 

76  The  Surfcon  General,  B).  08AF,  Vaahinfton  29,  D.C. 

ATTB:  Blo.-Dtf.  Fie.  Med,  Dlviaion 

77  Oowaoder,  Ihctleal  Air  ConBand,  Lanfley  AFB,  Fa.  ATIB: 

Doe.  Saeurity  Branch 

78  Cewaadar,  Air  Dafenaa  Ccawid,  Bnt  AFB,  Colorado. 

ATM:  Aaslatant  tee  Atealc  Bnaify,  ADU)C-A 

79  CoBBUidar,  Bq.  Air  Baaaarab  and  DavelnpBant  Conaand, 

Aadreve  All,  Vaahli^ton  29,  D.C.  ATIB:  H8MA 
do  Coanaadar,  Air  foroa  Balliatie  Mlaalla  Div.  iq.  Anc,  Air 

Fores  Obit  Poet  Offiae,  X4>s  Anfslaa  b9,  CUlf.  ARB:  VDSOT 
61-  62  Co— idir,  AF  Cwbrldfs  Baaaareh  Canter,  L.  0.  Banccon 
Field,  Bedford,  Ncas.  ARB:  CIW-F 
83-  87  Co— nder,  Air  Foree  Special  Veapone  Cantar,  Klrtland  AIB, 
Alhuquarqua,  B.  Max.  ATTB:  Tech.  Info.  4  Intel.  Div. 
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S8-  89  Dlrvetor,  Air -Unlvtraity  Library,  Maxvall  kn,  Ala. 

90  Cniiriltr,  Lowry  Tochnloal  Training  Cgntar  (TW}> 

Lowry  APB,  Sanvarf  Colorado. 

91  CoHundant,  School  of  Aviation  Madlolna,  U8A7,  Randolph 

An,  rax.  Amt  Raaaareh  Saeratarlat 

92  CooMndar,  1009th  8p,  Wpna.  Squadron,  Hft.  USAf,  Uashlngton 

25,  D.C. 

93*  95  Coamandar,  Wright  Air  Davalopaant  Cantar,  Url^t-Rattaraon 
An,  Dayton,  Ohio.  Am:  UCOSl 

96-  97  Olraotor,  OSAF  Projaet  RAHD,  71A:  U3AF  Llalaon  Offlea, 

Dia  RATO  Corp.,  1700  Main  St.,  Santa  Monica,  Calif. 

96  Coeuaandar,  Air  Dafanaa  S/ataaa  Integration  Dlv.,  L.  C. 

Hanaeoa  Plaid,  Bedford,  Maaa.  Am:  SIIZ^S 
99  Chief,  Balllatle  Hlaslla  Early  Warning  Projaet  Office, 

220  Church  St.,  Nau  York  13,  H.Y.  Am:  Col.  Uo  7. 
Skinner.  USAF 

100  CoaBandar,  Air  Technical  Zntalllganca  Canter,  UBAP, 

Vrlght'Pattaraon  An,  Ohio.  ATTR:  APCIR>4Bla,  Library 

101  Aaalatant  Chief  of  Staff,  Intalllganea,  iK.  USAPE,  APO 

633,  New  York,  N.T.  ATTN:  Directorate  of  Air  Targets 

102  Coaander-ln’Chiaf ,  Pacific  Air  Forcee,  APO  953>  San 

Franclaco,  Calif.  Am:  PFCtt>MB,  Base  Recovery 


OTHER  DEPARMBTr  OF  DEFENSE  ACTIVITIES 


103  Director  of  Dafanaa  Raaaareh  and  Engineering,  Waaklngton  25, 
D.C.  Am:  Tech.  Library 

10^  Chalraan,  Araed  Serrleee  Bxploeivee  Safety  Board,  DOD, 
Building  T*7,  Gravelly  Point,  Uaehlngton  25,  D.C. 

105  Director,  Weepona  Syateaa  Evaluation  Croup,  Boca  LB8dO, 

Tha  Pantagon,  Washington  25,  D.C. 


106>109  Chief,  Defanae  Atonic  Support  Agency,  Washington  25,  D.C. 
Am:  Doeunent  Library 

110  CooBander,  Field  Conand,  DASA,  Sandla  Baae,  Albuquerque, 

N.  Mex. 

111  Coanander,  Field  Coiamand,  DASA,  Sandla  Base,  Albuquerque, 

R.  Mex.  ATTN:  FCTG 

112>116  Comander,  Field  Coeoand,  DASA,  Sandla  Baae,  Albuquerque, 
H.  Mex.  Am:  FCVT 

117  Adelnlatrator,  National  Aeronautlee  and  Space  Adnlnia- 

tratlon,  1520  "H**  3t.,  N.W.,  Washington  25,  D.C.  Am: 
Mr.  R.  V.  Rhode 

118  CoaBander>ln>Chlef,  Strategic  Air  Coasaand,  Offutt  An, 

Neb.  ATTN:  OAWB 

119  Coaumder>ln-Chlef,  EUCOM,  APO  126,  Nev  York,  N.T. 

ATOMIC  ERERCT  CQHMISSIOR  ACTIVITIES 

120-122  D.S.  Atonic  Energy  Connlsalon,  Technical  Library,  Washing* 
ton  25,  D.C.  Am:  For  IMA 

L23>12U  Los  Alanos  Scientific  Laboratory,  Report  Library,  P.O. 

Box  1663,  los  Alamos,  N.  Mex.  ATTN:  Helen  Rednan 
125-129  Sandla  Corporation,  Classified  Document  Division,  Sandla 
Base,  Albuquerque,  N,  Mex.  ATTN:  H.  J.  &ayth,  Jr. 

130-131  University  of  Cellfomle  lavrenee  Radiation  l^aboratory, 
P.O.  Box  808,  Livermore,  Calif.  ATTN:  Clovla  C.  Craig 

132  laeentlal  Operating  Records,  Division  of  Infoittetion  Serv* 

lees  for  Storage  at  ERC-E.  ATntt  John  E.  Rena,  Chlaf, 
Beadquartera  Raeorda  and  Mall  Service  Branch,  U.S,  AEC, 
Waahlngton  25,  D.C. 

133  Weapon  Data  Section,  Technical  Information  Service 

Extension,  Oak  Ridge,  Tenn. 

13U-1T0  Tec^Jilcal  Information  Service  Extension,  Oak  Ridge, 

Tenn.  (Surplus) 
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